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ABSTRACT 

 

The world is constantly changing especially in construction industry, which is 

always competitive, complex and challenging. Due to its uncertain and 

dynamically changing environment, logistics has become a core pillar in 

delivering a construction project successfully by having the right product with 

right price, right quality and right quantity at the right place on the right time to 

the right customer (8R). Since these requirements are getting more and more 

difficult fulfilled, Logistics 4.0 has triggered changes and improvements in 

current traditional logistics practices by integration of new intelligent 

technologies. Artificial intelligence (AI) is one of the driving force of Logistics 

4.0 and its continuing development will transform construction logistics with 

unprecedented velocity in the near future. Thus, are Malaysian construction 

practitioners ready to adopt AI in their logistics practices?  This research intends 

to examine the readiness of local industrial players towards the adoption of AI 

in construction logistics. The objectives are to uncover the problems faced in 

current construction logistics practices, to identify the existing practice of AI in 

construction logistics and lastly to study the readiness of industrial players to 

adopt AI in the practices in construction logistics. The literatures pertain to the 

benefits of Logistics 4.0, the problems in current construction logistics practices 

and the applications of AI in construction logistics are reviewed. Sampling size 

was determined by Central Limit Theorem to ensure the reasonably sufficient 

size of samples. Quantitative research approach was used for collecting data. A 

total of 154 sets of questionnaires are collected from targeted respondents to 

assess construction industry players’ problems faced in current logistics 

practices as well as their awareness, existing practices of AI and barriers in 

adopting AI. In overall, there is relatively high awareness among players and 

can be concluded that they are ready now for AI adoptions. However, due to 

some barriers, AI remains its infancy in local construction organisations when 

most players are planning to adopt AI in the near future instead of using now. 

Malaysian construction players are expected to be beneficial by having higher 

awareness and readiness in exploiting and embracing these new emerging 

intelligent technologies. The future researcher may define more specific scope 

by focusing on the readiness of specific AI innovation in construction logistics. 
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CHAPTER 1 

 

1 INTRODUCTION 

1.1 Introduction 

This part acts as the introductory chapter for this research. Section 1.2 uncovers 

the background information of artificial intelligence (AI) adoption in Malaysian 

construction industry and then follow by Section 1.3 which reveals the previous 

studies in this area. Section 1.4 discusses the research aim and research 

objectives. The research methodology used is introduced in Section 1.5 when 

Section 1.6 defines the scope and limitation of this research. Lastly, Section 1.7 

provides a briefly outline for the chapter of entire research. 

 

1.2 Background of Study 

In the past decades, AI has become one of the biggest success stories related to 

technology. The AI technology influences across various sectors from virtual 

doctors to driverless cars as well as transforms the society, individual and also 

enterprises in the 21st century (UK’s Department for International Trade, 2017).  

Price Waterhouse and Coopers & Lybrand (PwC) (2017) estimated that 

AI will drive global Gross Domestic Product (GDP) 14% higher in 2030. It 

means additional $15.7 trillion to the global economy. In a similar vein, through 

the study from International Data Corporation (IDC) Asia Pacific and Microsoft, 

it stated that productivity of employee in Malaysia is predicted to be improved 

60% with AI application. However, those organisations in Malaysia which have 

embarked on the journey of AI are only 26% of them. In 2021, the 

competitiveness of these companies with AI innovation is expected to be 

increased by 2.2 times (Paramasivam, 2019). Thus, a real risk of failing to enjoy 

these competitive benefits is embedded for those businesses and economies 

which have yet initiate AI innovation in their organisations  

Based on economic report 2020/2021, the Ministry of Finance Malaysia 

(MoF) stated that the construction industry is expected to rebound the GDP the 

most by 13.9% in economic recovery of 2021 after pandemic COVID-19. Thus, 

it is obvious that the construction industry plays a significant role (Zainul and 

Shankar, 2020). However, the construction industry has a reputation of being 

traditional and conservative. In the past decades, the possibilities of AI have 
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started to be woke up in construction industry. Construction Industry 

Development Board (CIDB) (2018) stated that it is no strange for construction 

industry to accept the disruptions of technology as the synergy between 

technologies with traditional practices. The new working ways tend to be 

human-AI collaboration. The applications of AI solutions with machine learning 

begin emerging in the construction sector (Construction Industry Development 

Board, 2018). For example, the first robotic bricklayer, Hadrian was invented in 

2015 and able to lay about 1,000 bricks per hour (VolvoCE, 2019). 

In order to deliver a construction project on time and within budget, 

construction logistics is one of the most important factor. However, construction 

logistics is unpredictable with various variables in forecasting, storing and 

transporting the materials. For example, there are hundreds of multi-ton loaders, 

excavators, haulers and other heavy equipment involved in construction sites, 

when one of the construction logistics activity comes into problems, all of these 

equipment only can sit idle and waiting. This will cause unnecessary 

construction costs, increase in gas emissions and time waste. Thus, the problems 

associated in the current construction logistics practices such as productivity 

and quality decrease, occupational safety have highlighted the importance of AI 

automation and robotics technologies for traditional construction logistics. It is 

essential for logistics to embrace these operational complexities and evolve by 

innovating technology in order to turn complexity into advantages 

(Businesswire, 2020). 

 

1.3 Problem Statement 

There are several studies related to several technologies used in construction 

industry. For instances, Mahmud, Assan and Islam (2018) studies that the 

Internet of Things (IoT) potential in construction industry in Malaysia. Other 

than this, Lanko, et al., (2018) studied the application of radio frequency 

identification (RFID) combined with blockchain technology in construction 

materials logistics. Besides, there is also study done by Li, et al., (2016) about 

the application of real-time locating system (RTLS) in construction industry. 

However, there is limited research about the adoption of AI is conducted 

respectively to construction logistics in Malaysia. Malaysian construction 

industry is still yet to know the application of AI in the logistics practices and 
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the readiness of local construction organisations towards AI adoption. Thus, the 

followings are the research questions which intend to be answered in this study. 

Are the local construction industrial players ready to adopt AI in their logistics 

practices?  

 

1.4 Research Aim and Objectives 

The research aim in this study is to examine the readiness of industrial players 

towards the adoption of AI in construction logistics. The research aim is 

achieved through the following objectives: 

(i) To uncover the problems faced in current construction logistics practices. 

(ii) To identify the existing practices of AI in construction logistics 

(iii) To study the readiness of industrial players to adopt AI in the practices 

in construction logistics.   

 

1.5 Research Methodology 

As this was a quantitative research, the primary data in this study was collected 

by using questionnaire. These data collected were analyzed by using normality, 

reliability test and both descriptive statistics and inferential statistics in order to 

recognize the relationships among the variables. The research approaches 

adopted to achieve the objectives of this research was summarized in Table 1.1. 

 

Table 1.1: Summary of Research Approaches 

Phase 1 
 

Literature Review 

Phase 2 
 

Questionnaire Survey and 
Data Analysis 

 
 

Objective 1: 

To uncover the 

problems faced in 

current construction 

logistics practices. 

 

Objective 2: 

To identify the 

existing practice of 

AI in Construction 

Logistics. 

 

Objective 3: 

To study the readiness of 

industrial players to adopt 

AI in the practices in 

construction logistics.   
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1.6 Research Scope and Limitations of the Study 

The data are gathered from individuals who have experiences or work related 

throughout or part of the construction logistics from raw material supplier, 

manufacturing factory, supply house until construction sites (include boundaries 

and within site). This research may be limited within the temporal dimension as 

not covered the latest AI applications in construction logistics. This is because 

AI is a rapid changing technology that still developing throughout the industry. 

 

1.7 Chapter Outline 

This research contains five chapters when Chapter 1 is the introductory part for 

the entire research. It discusses the background of the adoption of AI in 

Malaysian industry and also in context of construction industry. This chapter 

also points out the problem statement, aim and objectives for this research. The 

research methodology conducted is highlighted and the restraints are briefly 

introduced as well. Chapter 1 is ended up with the outline of the report. 

Next, Chapter 2 critically discussed about the AI and construction 

logistics. It provides a brief account on the problems faced in current practices 

of construction logistics and the benefits of Logistics 4.0 in construction 

logistics. The application of AI in construction logistics discussed includes 

automated guided vehicles (AGV), unmanned aerial vehicles (UAV) and 

unmanned ground vehicles (UGV), unmanned tower crane, smart construction 

lift, autonomous trucks, AI-based drones, AI-powered jobsite cameras, 

predictive analytics and AI-back office. The challenges faced when 

implementing AI also be covered in this chapter. The theoretical framework of 

AI adoption in construction logistics is established at the chapter’s last section 

in order to demonstrate the relationship among the variables discussed in this 

research. 

Chapter 3 represents the brief account of research and follows by the 

research method types, data collection approaches, research philosophy and 

method to analyse data. The research design for this research also is covered. 

The sample frame, size, method and target respondents for this research also are 

revealed. Subsequently, the timeline or milestone of this research has outlined. 

Chapter 4 presents the data collected from questionnaires. The data 

collected is analysed by normality test and reliability test. Both descriptive and 
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inferential statistics are adopted in this chapter. The findings are evaluated and 

compared with literature reviewed in Chapter 2. This chapter also discusses the 

findings about the top three problems in construction logistics practices, 

awareness of construction organisations towards the benefits of Logistics 4.0 

and AI adoption in construction logistics. The top challenges in adopting AI as 

well as the current readiness of AI adoption in construction logistics are also 

discussed in this chapter. 

Chapter 5 is the final chapter of this research. The findings are 

summarised in this chapter by concluding the entire research and the current 

level of readiness of AI adoption in logistics of Malaysian construction industry. 

The implications are also discussed in this research. This chapter also reveals 

the limitations of this research and recommendations for future study to enhance 

the quality of similar research in the future. 
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CHAPTER 2 

 

2 LITERATURE REVIEW 

2.1 Introduction 

This chapter presents the reviews of literature which summarize the research 

about artificial intelligence (AI) and construction logistics. Section 2.2 briefly 

explains the definition of AI and follows by introducing the structure and types 

of AI in Section 2.3. Section 2.4 and 2.5 critically discussed the construction 

logistics and problems in current practices in construction industry. Benefits of 

Logistics 4.0 in construction industry will be reviewed in Section 2.6. The 

current implementation of AI in construction logistics and the challenges faced 

in AI adoption in construction industry are reviewed in Section 2.7 and 2.8. A 

theoretical framework for AI will be proposed in Section 2.9. Lastly, the 

summary in Section 2.10 discloses the next chapter.  

 

2.2 Definition of Artificial Intelligence 

The term of “Artificial Intelligence (AI)” was coined by John McCarthy in 1956. 

Due to evolution of technology and research in AI, the definition of AI has 

varied over a wide range. Sivalingamm (2020); Cui, et al. (2020) defined AI is 

an umbrella concept used to define a machine imitates human cognition such as 

pattern recognition, problem-solving and learning, eventually human works are 

superseded or augmented. Similarly, Rai, et al. (2019) perceived AI is “the 

ability of a machine to perform cognitive functions that associate with human 

minds, such as perceiving, reasoning, learning, interacting with the environment, 

problem solving, decision-making, and even demonstrating creativity”. In the 

same way, Savić (2019) viewed that AI emerged initially as the earliest edition 

of expert system, however nowadays it is able to behave and analyse lucidly and 

independently as well as possesses autonomous operation in a manner similar 

to humans.  

Contradictorily, Lorica and Loukides (2016) concluded that it is not only 

difficult but impossible to define AI because human really lack understanding 

about human intelligence. Paradoxically, AI developments can help in defining 

what not human intelligence is, instead of what AI is. In addition, Faggella 
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(2020) reviewed that it is so difficult to set a definitions for AI because there is 

not any solid concept available for AI in general. Yudkowsky (2008) also noted 

that if human draw the conclusion of understanding about AI too early, it will 

be the biggest risk for AI. However, Eric Jonas who is the assistant professor at 

the University of Chicago reviewed that “AI is a lie” which means the current 

reality of AI development is quite premature and far from the expectations for 

AI as well as create many queries such as whether AI will replace human for 

completing jobs, the role of AI for human and its ethics (Webb, 2019). 

 The diverse definitions of AI continue to develop in defining more 

specific fields or subcategories, each definition is essential in helping 

researchers to gain the goals and guidelines (Lorica and Loukides, 2016). There 

are various forms for AI, for example voice assistant which are Siri or Alexa, 

recommendation systems which are used in Alibaba or Amazon as well as the 

online platforms for labours such as Uber or MTurk (Alahmad and Robert, 

2020). In this final year project, AI is defined as the advanced technology in 

helping the construction logistics sector to overcome current practices’ greatest 

issues or challenges which including safety, scheduling and costs (Blanco, et al., 

2018). 

 

2.3 Structure and Types of Artificial Intelligence 

Typically, there are 4 layers available in an AI system. The topmost layer is AI 

itself which involve the absorption, storage and process of information for 

decision-making (Heller, 2019). The user of AI will gain the experiences similar 

when they interact with human.  The Turing Test is a test which attempted to 

identify whether a computer intelligent is enough with indistinguishable human 

behaviour and able to convince real human through communications. The 

successful example in passing the Turing Test is Eugene Goostman who is a 

fake 13-year-old kid and tricks 33% of the judges believe that he is a real human 

after having conversations with him (Aamoth, 2014). Figure 2.1 illustrates the 

4 layers available in an AI system. 
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Figure 2.1: A visual representation of four layers in AI system 

(Source: Motalebi, 2020) 

 

Secondly, the layer below AI is machine learning (ML) which is the 

subset of AI as well as a system that can learn by itself (Motalebi, 2020). Most 

of the advancements and applications in AI nowadays in software, medicine, 

robotics and business are classified as ML (Hall, et al., 2014). Basically, ML 

algorithms act as the statistical tools which is fed with vast amount of 

information, then it starts to analyse and recognize to find the patterns in the 

existing data given and finally classifying data or making predictions to get a 

specific result (Ergen, 2019; SSI Schaefer Whitepaper, 2019). ML is used as a 

classifier to recognize objects, for example in the spam classification, ML 

algorithms which immersed in zillions number of emails start to learn how to 

identify certain elements in distinguishing spam from authorized emails, finally 

it can classify whether the email is either “not spam” or “spam” (SSI Schaefer 

Whitepaper, 2019). Human kids learn from their parents and school under 

highly structured system, when growing, adults gain more experience and well 

adapted to look for their inputs and learn from different aspects around the world. 

Similar to machine, they need to learn from data (Gesing, et al., 2018). 

Typically, ML algorithms use three main techniques in learning which 

are supervised learning, unsupervised learning and reinforcement learning. 

Supervised learning is directly under human guidance, the example application 

is detection of disease. Unsupervised learning is involved in identification of 

dimensions or clusters in data without extra human guidance such as by 
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observing 10 millions of cat, cat faces able to be recognized by YouTube itself 

from uploaded video (Gesing, et al., 2018). Moreover, under the reinforcement 

learning, ML algorithms will achieve its objective by learning with trial-and-

error approach and through the observation of surrounding situation itself. For 

instances, an autonomous car has its objective which is driving safe all the time 

on road, when it fails in achieving its objective, penalty will be given and it will 

try for several times until the useful and right decision is made to get an 

occasional reward (Kiran, et al., 2020).  

The third level is deep learning (DL) which possesses the capability of 

AI to process speech, images and language. The term “deep” indicates the 

amount of network’s hidden layers. Lastly, the AI system’s bedrock is neural 

network which involved data processing (Heller, 2019). Typically, DL is done 

with neural network technology. Neural networks are the greatest effort to 

imitate both human brain’s structure and function, with the aim to address issues 

in an identical way to human (SSI Schaefer Whitepaper, 2019). When neural 

network is fed with new data, the link between each node is set up, reinforced 

or reduced.  The scenario is similarly with neurons connections in human brain, 

become stronger by repeated experiences. Moreover, each neural network 

connection is possible to be adjusted or tuned, allocate lesser or greater 

significance to an attribute to accomplish the output’s quality (Gesing, et al., 

2018). Figure 2.2 illustrates the image (input) is broke up by the neuronal 

network into several partial images. They are then processed by single layer 

such as corners and edges. For example, the first hidden layer will compare the 

adjacent pixels’ brightness to detect the edges, then this data is transfer to the 

second hidden layer to search for corners, eventually pass to third hidden layer 
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to look for the group of edges and corners until able to identify the certain or 

specific object (output) (SSI Schaefer Whitepaper, 2019). 

 

 
Figure 2.2: Layers of neuronal network 

 (Source: SSI Schaefer Whitepaper, 2019) 

 

AI is categorised into two types. General or strong AI possess the entire 

autonomous thought by imitating the human brain when narrow or weak AI is 

the establishment of smart machines to deal with the complicated problems 

(Heller, 2019). The general AI systems are as flexible and influential as human 

intelligence and are not tailored in dealing with a particular task or problem, 

however the creation of general AI has not been established (Wirth, 2018). 

Nevertheless, the increasing and growing developments today in the narrow 

AI’s field offer massive opportunities for ultimate invention of general AI. The 

example of current advanced creation of narrow AI is IBM’s Deep Blue and 

Watsons. Narrow AI such as Apple’s Siri and Amazon’s Alexa begin to 

penetrate into human’s daily life by making continuous and regular changes 

(Heller, 2019). 

 

2.4 Construction Logistics 

The ultimate objective of all construction projects is to complete the project on 

cost and on time with the agreed quality. Infrastructures or houses are the end 

product by construction industry, and they are produced from massive number 

of materials which are required to be transported to the consumption point or 

construction site (Lindén and Josephson, 2013; Ekeskär and Rudberg, 2016; 
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Thunberg, Rudberg and Gustavsson, 2017). It means that the completion time 

of a construction project rely heavily to the manufacturing and transportation of 

materials to site (Lindén and Josephson, 2013). Thus, the construction logistics 

play an essential role in delivering the project successfully.  

Construction logistic involves domestic or international transportation 

of a bulky and large volume of materials or components, thus there are different 

mode of transportations provided such as rail, road, ship or air (Sisko, 2019). 

Brown (2013) viewed that construction logistics starts as subcontracting 

business carried out by labour masters providing bodies in works such as 

moving materials and also cleaning up. In an identical vein, Janné (2018) 

described construction logistics is the correct materials are dealt and supplied to 

the right customers and construction sites in order to fulfil the requirements of 

customers. For example, the logistics for in-situ construction project are 

involved transportation of materials to construction site directly after contractor 

has placed the order; but for precast or modular construction project, the 

materials are initially dispatched to the manufacturing facility in order to 

transform the raw materials into modular components (Li, et al., 2014).  

On the other hand, the construction logistics can also be explained as a 

transportation operation that is costly, complex and required highly social 

responsibilities because it is bounded with the life cycle of product and engaged 

in organisations network. Some instances of construction logistics activities are 

planning, on-site and off-site warehousing, supplying and maintaining 

unloading and loading zones, on-site and off-site materials handling (Lindén 

and Josephson, 2013; Ekeskär and Rudberg, 2016; Transport for London, 2017; 

Sundquist, et al., 2018). Lundesjö (2015) stated that the construction logistics 

also involved various site services which important to a functioning project such 

as site security, cleaning, walkways, signage, vertical lift, staff welfare, traffic 

management, health and safety and etc, but exclude those site services in actual 

construction work.   
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Figure 2.3: Activities Involved in Construction Logistics 

(Source: Jang and Russell, 2003) 

 

Refer to Figure 2.3 above, construction logistics generally can be 

categorised into 2 types which are supply logistics and site logistics. Supply 

logistics engaged operations pertaining to acquisition, specification, transport as 

well as materials’ delivery to the construction site when site logistics is related 

to planning of physical flow and handling of materials on site (Sundquist, et al., 

2018). However, Moone (2015) described the construction logistics’ concept is 

not only limit to deliver the construction material to the boundaries of 

construction site. It is an equally essential to distribute the materials inside the 

site and ensure that the materials able to reach wherever it is needed and 

whenever it is required (Moone, 2015). Logistics to construction site always 

need the use the heavy truck and forklift to transport all of the required 

construction materials for example sand, rock and cement to site (Zuhra Junaida 

and Nurul Fatimah, 2020). On the contrary, the mode of transportations used 

inside the construction site can be either vertical or horizontal. It extends from 

forklift and truck to include those equipment for site confined which are 

construction elevators and cranes (Moone, 2015).   

 

2.5 Problems of Construction Logistics in Current Practices 

There is a bright future to look at the construction industry for example 

increasingly investment as highly demand in housing, infrastructure or service 

project. However, McKinsey Global Institute (2017) viewed that the 

productivity of construction industry only grows for 1% annually in the past 20 

years. The inefficiency and low productivity in delivering project has suffered 
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by construction industry for decades and it may cause by the poor performance 

or management of construction logistics activities in current practices (Bomb 

and Haraldsdottir, 2017). Thus, the effectiveness and functioning of current 

practices adopted in construction logistics have been interrogated by numerous 

researchers from worldwide. The problems of construction logistics in the current 

practices include cost overrun, impact to people, impact to environment, health 

and safety of workers and lack of collaborations. The literature reviewed for these 

problems are presented in Table 2.1 below. 

 

Table 2.1: Literature Review for Problems of Construction Logistics in Current 

Practices 
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Cost and Time Overrun ✓ ✓ ✓   ✓  ✓       ✓ 
Impact to People    ✓      ✓     
Impact to Environment     ✓  ✓   ✓ ✓  ✓  
Health & Safety Problems ✓             ✓ ✓ 
Lack of Collaboration         ✓      

 

2.5.1 Cost and Time Overrun 

Poor logistics management will cause various needless production costs and 

extra time needed for awaiting the arrival of materials (Matouzko, 2015). 

Furthermore, theft and misplacement of materials may be happened which 
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contributes to unexpected costs for transportation (Abeysinghe, et al., 2018).  In a 

similar way, Ekeskär (2016) stated that less than 50% of the deliveries of the 

construction logistics can provide delivery free from damages and in the correct 

amount, to the correct location and within time plan.  

Next, total demand of modular components is uncertain until their 

completion of assembly at the site because there are many sources of delay to 

be exposed in the assembly process like delayed shipment, extreme weather 

conditions, equipment failure or human errors (Hsu, et al., 2019). For instances, 

modular products like kitchen pods or bathroom always are project-specific and 

tailor-made, thus when the manufacturer fails to meet the demand, these 

modular products typically impossible to be procured from other manufacturers 

(Hsu, et al., 2017). Due to this, incidents such as excessive on-site inventories 

or insufficient delivery for components always reoccur weekly until the project 

is completed (Hsu, et al, 2019). This effectiveness has caused the production to 

stop and boost those non-value adding or unnecessarily activities (Matouzko, 2015). 

 

2.5.2 Impact to people 

Sleep disturbance and annoyance resulting from transportation noise pollution 

are always related to heavy construction vehicles. Road logistics is essential and 

beneficial to the economy and community; however, those live near or along 

the logistics routes are adversely affected by these heavy trucks (Peng, et al., 

2019). Furthermore, Nurain (2015) viewed that many drivers of heavy vehicles 

will locate their truck on the road shoulder or lane of neighbourhood street when 

they unable to find parking lot. This action is unsafe as may bring potential 

safety hazards to themselves as well as other drivers, pedestrian and 

motorcyclist. Many road users typically have negative impression or 

experiences towards the heavy vehicles when these trucks become an impending 

vision or obstruction for them. On 3 March 2021, a fatal accident of 2 women 

were happened due to a trailer lorry hit the scaffolding of pedestrian bridge and 

finally cause the collapse of a bridge section (The Straits Times, 2021).   

  On the other hand, several federal roads are severely damaged by those 

overloaded heavy trucks. These potholes created may pose danger to other road 

users and accidents may happen (Nurain, 2015). These potholes have caused 
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approximately 4,000 cars seriously damaged every month and there are 24 

cyclists fatal on earlier July (Woodling, 2020). 

 

2.5.3 Impact to environment 

Logistics vehicles are one of the main root causes of air pollution in urban area 

(Mesjasz-Lech, 2016). Marsal-Llacuna, et al., (2015) stated that air quality is 

one indicator in Local Agendas 21 (LA 21) to determine a city’s sustainability 

at a local level. However, several cities face seriously air pollution with the fine 

particulate matter (PM2.5) which is the one of the main specific pollutant 

(Zhang, et al., 2019). With exposure to air pollution which is caused by PM2.5, 

many negative health effects will be confronted such as mortality from 

respiratory or cardiovascular disease even from lung cancer (Bell and HEI 

Health Review Committee, 2012). 

 Perugu, et al. (2016) stated that heavy vehicles contribute as the highest 

on-road emitters of PM2.5 and estimate that the heavy trucks activities 

contribute about 71% of PM2.5 to urban areas. Furthermore, the emissions of 

black carbon (BC) and other gaseous pollutant have significantly increased by 

heavy vehicles (Zhang, et al., 2019). Most of the heavy vehicles are primarily 

powered by diesel fuels which produce nitrogen oxides and articulate matter 

eventually pollute the air (Hsu, et al., 2019). Moreover, United States Energy 

Information Administration (2020) also stated that transportation is the greatest 

sources of air pollutants which cause global warming. 

 

2.5.4 Health and safety of workers 

Salvén (2013) stated that the time of workers spent on replacement of the materials 

on site is roughly 14% of their total working time. These actions include shifting 

the materials back to storage area, bringing the materials from this place to other 

site and moving the right materials from the store to wherever the materials are 

really needed. With poor logistics, the construction workers are observed to be 

more stressed and unconfident on-site because they need to work in limited 

working space when other spaces are used for storing materials (Salvén, 2013). 

Furthermore, Health and Safety Executive (2020) stated that there are almost 7 

workers fatal in accidents which involved the mobile plant or vehicles on site every 

year and further 93 are severely injured. For example, Pack (2020) reported that a 
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worker died on 17 July due to several blunt force injuries after a dump truck backed 

over him in construction site. 

 

2.5.5 Lack of Collaborations 

It is estimated that the subcontractors help in producing works which exceed 75% 

of final value in a typical project (Segerstedt and Olofsson, 2010). However, 

when a huge number of subcontractors involved a large project, each of them 

only manages their own material flow respectively and do not coordinate with 

other members (Robbins, 2015). Tsaxiri (2018) stated that during the timeline 

of a project, conflicts will happen between different parties because each of 

them does not pay attention to manage the logistics activities. Poor collaboration 

and conflicts between parties is quite common in construction project (Tsaxiri, 

2018). This scenario has caused severely problems in managing the construction 

logistics and eventually exceeds the time plan and budget due to improper 

logistics solutions (Robbins, 2015; Ekeskär and Rudberg, 2016).  

 

2.6 Benefits of Logistics 4.0 in Construction Industry 

Logistics have gone through three revolutions in the past. The Logistics 1.0 

happen from the late of 19th century until early 20th century which is driven by 

“mechanization of transport”. The second revolution from the 1960s is caused 

by “automation of handling system”. From 1980s, the Logistics 3.0 is driven by 

“the logistics management system” (Wang, 2016). In 21st century, Logistics 4.0 

is triggered to meet those floating challenges for example market’s permanent 

volatility, high-individualized products’ demand, increasing international 

competition and shorter product life cycle (Qu, et al., 2016). Especially, logistics 

is an essential profitable element in the Global Economy as it is recognised as 

the source to achieve a competitive advantage. Thus, in order to survive and 

compete in global market, the industries should be logistics-oriented (Werner-

Lewandowska and Kosacka-Olejnik, 2019).  
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Figure 2.4: Supply Chain Management by Logistics 4.0  

(Source: Wang, 2016) 

 

The society is altering towards to connect humans, machines and objects 

closely (Schemidtke, 2018). Most of the industries have undertaken an evolution 

by instilling these technology innovations into their process and product for 

their operations’ core (Wang, 2016). Due to this, the supply chain logistics in 

Logistics 4.0 is performed with the aid of technology as illustrated in Figure 2.4. 

The literature reviewed for some of these technologies adopted in Logistics 4.0 are 

presented in Table 2.2 below. 
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Table 2.2: Literature Review of Technologies Adopted in Logistics 4.0 
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Artificial Intelligence (AI)  ✓  ✓  ✓   ✓ ✓ ✓ ✓ ✓  
Big Data ✓ ✓ ✓    ✓ ✓  ✓ ✓   
Cyber-physical system (CPS) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ 
Cloud-supported network or computing ✓  ✓  ✓  ✓ ✓   ✓   
Extended producer responsibility (EPR)    ✓ ✓ ✓   ✓  ✓   
Internet of Things (IoT) ✓ ✓ ✓ ✓ ✓   ✓ ✓ ✓ ✓ ✓ ✓ 
Radio-frequency identification (RFID)  ✓   ✓  ✓   ✓ ✓  ✓ 
Real-Time Location System (RTLS) ✓  ✓  ✓   ✓   ✓   

 

From Table 2.2, it can be claimed that Logistics 4.0 is a quite new topic 

as the oldest research were published in 2016. Traditional logistics practices 

start to be improved and modified by these technologies-driven approaches to 

fulfil the rule of 8R which refer to Right time, Right place, Right quality, Right 

quantity, Right price, Right customer, Right Product, Right place 

(Lewandowska and Olejnik, 2019). In other words, Logistics 4.0 turns 

traditional logistics into digitalised, automated and organisationally transformed 

(Sternad, et al., 2018). However, Livotov, et al. (2019) stated that the 

construction industry has not kept trend with these technological opportunities 

which can improve productivity and production. In this uncertain and 

dynamically changing environment in logistics sector, it becomes more and 

more difficult to fulfil the rule of 8R (Wang, 2016). Thus, there are some 
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benefits or potentials for the construction industry to innovate with these 

technologies. 

 

2.6.1 Improve Productivity 

The adoption of AI and automation in logistics ensure the cooperation between 

different players more aligned within transportation and operations processes, 

for example between production, picking and outbound logistics (Schmidtke, et 

al., 2018). As a result, picking time and the cycle times of inventories can be 

significantly reduced by using AI-controlled technologies. On the other hand, 

the AI controlled-networked robots can ensure the communication between 

supervisors and warehouse employees is error-free and simultaneously, in order 

to respond more precisely to any disruptions or changes of order (SSI Schaefer 

Whitepaper, 2018). As consequences, lead times of logistics activities may 

significantly be reduced (Schmidtke, et al., 2018). 

  

2.6.2 Save Cost 

Through implementation of Logistics 4.0, it is potential to save 20% cost in 

supply chain, maintenance and quality as well as 30% inventory costs.  With the 

aids of technology, when a vast amount of data for planning and forecasting 

algorithms are provided, suppliers able to enhance their forecast of shipping and 

demand, identify possible market’s improvements and potential loss. It means 

suppliers less prone to failures, risks and opacity (Matyushenko, et al., 2019). 

Furthermore, due to process of customer’s order and the order to supplier 

simultaneously, the expenses used for warehousing can decrease to the 

minimum and even no need for preparing warehouse (Wang, 2016). Cost 

savings can also be achieved when AI application is adopted in the area of 

personnel works as automated intralogistics, robotics and logistics application 

able to provide solutions which are more durable, faster and therefore eventually 

cheaper to the logistics domain (Klumpp, 2018). 

 

2.6.3 Increased Earnings 

The volume of revenue will be increased by AI applications in many ways 

whether indirectly by matching the customers or products’ preferences, 

expectations and specifications better to ensure the satisfaction of customers and 
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the rates to re-buy; or directly avoiding the materials from out of stock and make 

sure the products are available at the point of sale as the exact date of arrival of 

materials for production can be estimated in order to prepare for final product 

(Barreto, et al., 2017; Klump, 2018). 

 

2.6.4 Improve Efficiency and Effectiveness  

Thus, big data and Internet of Things and Service (Iot&S) both are the main 

innovations in Logistics 4.0. Both of them can reduce human intervention in 

each steps of work in supply chain. Each process which is completed or operated 

through human’s decision-making is replaced by those new technologies for 

example warehouse robot and automated guided vehicle (AGV) when AGVs, 

autonomous forklifts or programmed robots can automate to complete the 

intralogistics of the goods within the factory themselves. Furthermore, all of the 

orders from the big network (from customers or from suppliers) can be managed 

by an internet platform online or in real time. All logistics activities from the 

internet platform will be used by entire stakeholders. By the use of internet 

platform, logistics vehicles will possess a routed program which will provides 

all necessary information and vehicles which possess RTLS are able to be 

tracked by the suppliers and customers (Wang, 2016). 

 

2.6.5 Improve Transparency and Flexibility  

It is necessary for logistics sector to respond to the growing pressure for 

transparency and flexibility which resulting from the increasing competition in 

global market (Sternad, et al., 2018). Transparency which potential to enhance 

the comprehensiveness of logistics can be improved through advanced 

analytical works which involved data collection using NFC tags, sensors or 

RFID chips (Matyushenko, et al., 2019).  Furthermore, AI applications can 

improve the flexibility of transportation setup and intralogistics which may 

especially be fundamental in peak times of logistics environment, for instances 

when delay or other complex ‘troubleshooting’ incidents occur. In such 

situations, AI can make fast decisions independently in order to maintain the 

satisfaction of customers as well as the competitiveness between suppliers, 

manufacturers or other logistics service providers (Klumpp, 2018).   
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2.6.6 Higher Safety   

National Science & Technology Council and United States Department of 

Transportation (2020) stated that U.S government has stressed in developing 

Automated Vehicles (AV 4.0) in order to ensure the roadways safer by 

decreasing crashes resulting from poor human choices or human errors, 

comprising crashes caused by distraction or impairment when driving. In short, 

safety is the main component for incorporating the AVs into the transportation 

system. On the other hand, in order to improve the site safety and reduce site 

accidents, Volvo Construction Equipment (CE) collaborates with Colas to 

develop an integrated AI algorithm innovation which will detect and warn when 

people are entering into a dangerous zone (Volvo CE, 2018). 

                                   

2.6.7 Environmentally Friendly 

According to National Highway Traffic Safety Administration (2013) of 

America, “Automated vehicles are those in which at least some aspects of a 

safety-critical control function (e.g., throttle, steering or braking) occur without 

direct driver input.” AVs utilise the alternative fuel such as electric power or 

gas. Such way to empower the vehicles reduces the dependency of vehicles on 

fossil fuels and eventually brings a positive impact on the amount of greenhouse 

gas emissions such as carbon dioxide. Chen, et al (2017) mentioned that AVs 

can save fuel consumption from 30% to 45%. On the other hand, Iglinski and 

Babiak (2017) stated that vehicles will consume 50% more fuels when 

congestion. Thus, in order to reduce congestion level, AVs are equipped with 

technology enabled interactions with other vehicles and real-time information 

is provided on level of congestion or accidents, then it will have own decision-

making to select the route in order to avoid congestions and eventually reduce 

emissions and fuels (Kopelias, 2020). 

 

2.7 Adoption of Artificial Intelligence in Construction Logistics 

It is obvious that construction industry has vast potential when the construction 

sector today holds about 13% global GDP that worth roughly $10 trillion. By 

the year 2030, the value is estimated to achieve $17.5trillion (McKinsey Global 

Institute, 2017; Maskuriy, et al., 2019).  

 



37 

 
Figure 2.5: Logistics in building a block wall 

(Source: Lundesjö, 2015) 

 

Figure 2.5 illustrated the example of logistics process when construct a 

block wall, it is clearly illustrated that around 80% of construction activities are 

related to logistics (Lundesjö, 2015). Similarly, Sundquist, et al. (2018) viewed 

that logistics activities are intensive and may have about 100,000 deliveries 

within a period from 12 up to 18 months. In short, construction logistics is 

definitely crucial in supporting the rapid economy and development (Zuhra 

Junaida and Nurul Fatimah, 2020). The followings examples of existing AI 

applications which are gradually be adopted in the presence or future of 

construction logistics.  

 

2.7.1 Automated Guided Vehicles  

AGV is an ideal solution for repetitive transportation works in warehousing and 

production operations. It mainly provides the point-to-point transferring of racks, 

pallets, skids, rolls and tubs by utilised automated pick-up, transfer and drop-

off. Figure 2.6 shows the working environment of AGV with other mobile 

robots. AGV with natural features navigation can offer user faster setups on-site 

with more accurately and safer navigation by mapping their paths to travel 

without any human assistance. The throughput and uptime can be enhanced by 

its capabilities to automate battery charging and operate for four hours per each 

battery charging (Modern Material Handling, 2020). 

The latest guidance algorithms developed in AGV is vision-based 

system with neural network. They can detect the obstacles by using their 

navigation equipped with external sensor which can capture information with 

proximity visual image and measurement (Das and Pasan, 2016). Thus, when 

swarms of AGVs work together, they still can recognise their environment 
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independently with each other by navigating autonomously the route to reach 

their respective destinations. Although there is no central control system by 

humans or computers, AGVs still can control the incoming transport order 

themselves by establishing rules in finding the right route and share their 

location with one another. It means swarm of AGVs react and undertakes 

problem solving independently (SSI Schaefer Whitepaper, 2018). In short, 

AGVs improve effectiveness of material handling by performing safer, at low 

cost, accurately without any damage on materials and at timely manner (Das 

and Pasan, 2016). 

 

 
Figure 2.6: Working Environment with AGV 

(Source: SSI Schaefer Whitepaper, 2018) 

 

2.7.2 Unmanned Aerial Vehicles and Unmanned Ground Vehicles  

For fully autonomous warehouse inventory, the unmanned aerial vehicles (UAV) 

(also known as drones) and unmanned ground vehicles (UGV) are both great 

candidate for replacement of humans works. The UAV is utilised as the mobile 

scanner when UGV is utilised as a carrying platform. Firstly, the navigation is 

carried out by UGV among the racks’ rows. It is important to note that UAV 

will follow UGV autonomously all the time because UGV acts as its ground 

reference. Next, UGV will stop at each rack to be scanned. At the same time, 

UAV will take off and fly vertically to scan each goods in that rack. Once the 

UAV reach the top, UGV will move to next rack. At this time, UAV is located 

at the top of the rack, thus it will scan the goods from top to bottom. These steps 

repeat until all rows are fully scanned. On the other hand, UAV can recharge its 
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batteries by landing on the UGV when UGV is moving to next racks (Guérin, 

et al., 2016).  

 

 
Figure 2.7: Autonomous collaboration between UAV and UGV 

(Source: Guérin, et al., 2016) 

 

Refer to Figure 2.7, an UAV and an UGV work cooperatively in tracking 

the inventories. This drone-driven automated inventory warehouse system is 

enabled by the cooperation among bar codes, QR codes, new scanning 

technologies, RFID technologies and especially AI. Efficient AI algorithms and 

onboard computing power allow the drone can operate in the warehouses which 

are diverse complex-structured in terms of type of stored items, geographic 

location and layout (such as pallets, shelf and boxes). Through the adoption of 

these technologies, inventory accuracy can be increased, labour costs 

significantly decrease, dangerous tasks in working high altitudes for the 

workforce can be minimized and faster in counting than human (Wawrla, et al., 

2019). 

 

2.7.3 Autonomous Truck 

AI is the core technology for Level 4 autonomous driving which able to drive 

on their own without any driver monitoring or input over designated route 

(Transport Topics, 2018). Figure 2.8 showed Volvo Vera which is the first 

autonomous, connected and electric vehicles presented by Volvo Trucks in 2018 

to create part of an integrated way in transportation of goods from a logistics 
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central to a terminal port for delivery across the world.  Vera is designed for 

repetitive works in factories, logistics centre as well as ports by transporting vast 

amount of goods with high preciseness. 

 

 
Figure 2.8: Volvo Vera 

(Source: Volvo Trucks, 2019) 

 

Now, Volvo Trucks is aiming to further develop its potential by 

implementing a connected system comprising of numerous Vera monitored by 

a controlling tower, in order to enable a constant and seamless flow responsive 

to great demand with higher flexibility, efficiency and sustainability. Mikael 

Karlsson who is Vice President of Autonomous Solutions in Volvo Trucks 

stated that testing has been started in developing the autonomous transports with 

zero exhaust emission and low noise level (Volvo Trucks, 2019). 

 

2.7.4 Unmanned Tower Crane  

One of the most important lifting equipment in construction site is tower crane 

especially in the high-rise building construction work. The duration and 

expenses of a project highly depends on the operators’ ability and it is a 

dangerous work. Thus, there are some elemental technologies related to AI are 

used to develop the unmanned cranes (Ahn, et al., 2018). 

The adoption of voice recognition technology and classification 

technology make unmanned crane able to recognize and act the orders after 

commands are given through a radio. The sound waves are learned in order to 

recognize voice. The accuracy of voice recognition is high even in the noisy 

construction site (Ahn, et al., 2018). 
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On the other hand, the number, location and model of a tower crane will 

bring significant impact to construction duration and expenses. Although an 

advanced tower crane can decrease construction time, it will boost the daily 

tower crane’s rental fees. Genetic algorithm by AI is the proper means for 

optimization by automatically calculating the minimum total rental expenses by 

changing the model, number and location of the tower crane (Ahn, et al., 2018). 

 

2.7.5 Smart construction lift 

The higher the building built, the bigger of volume and types of materials 

needed to be transported. Construction lift is important to maintain or increase 

the efficiency of the site logistics. However, there are always various variables 

and inaccurate prediction for logistics plan in dynamic construction site. 

Therefore, smart construction lifts which can operate itself efficiently is needed 

(Ahn, et al., 2018). 

For example, by adopting logical algorithms, the lift can recognize the 

schedule by itself and always stand by to execute the scheduled task. 

Furthermore, recurrent neural network (RNN) can reflect on the latest time 

series data and forget the remote past data. The input data is time and number 

of driving, arrival floor as well as starting floor themselves by. Then, by learning 

these huge volume of data, the running zones can be decided by the lifts 

themselves (Ahn, et al., 2018). 

 

2.7.6 AI-Based Drones 

The traditional way to gather information for site layout plan is personnel walks 

around the site by foot, manually collecting the information as he goes. It is slow 

and labor-intensive and cannot react promptly to the ground changes especially 

after raining which potential to cause delay for a construction project. However, 

a lot of improvements in construction have been help by drones in the past few 

years in order to increase the speed, report accuracy, costs cutting, efficiency 

and safety (Dukowitz, 2019).  

Drones typically equipped with radar, video cameras, communication 

hardware and wireless sensors for transferring real-time data (Gheisari and 

Esmaeili, 2016). Nowadays, drone technology has been developed along with 

AI-driven software which is a powerful system to process the raw visual data 
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input from drone and finally a details maps of construction sites can be provided. 

When drone is flying, it can capture visual footage continuously and constantly; 

eventually be processed automatically by AI software which capable to produce 

different types of maps for whole site in the end. Furthermore, the detailed visual 

reports provided by drone can be shared among each project participants 

(Dukowitz, 2019). On the other hand, drone is the best participate to safety 

manager by providing site’s maximum visible angle for 24 hours inspecting, 

monitoring, controlling activities, machinery and people on site (Gheisari and 

Esmaeili, 2016).  

   

2.7.7 Predictive Analytics 

Predictive analytics is the traditional use of AI which mainly based on data 

mining. It involves pattern detection by fed a volume of data and statistical 

calculations. AI can help to reduce the uncertainty in logistics industry by 

dramatically varying its operating model from forecasting and reactive mode to 

proactive actions with predictive intelligence (Gesing, et al., 2018). Descriptive 

analytics is the preliminary stage which used to characterise, categorise, 

consolidate and classify data in order to get valuable information in identifying 

and understanding the problems; when prescriptive analytics is the subsequent 

stage which makes use of the data mining and statistical techniques in predicting 

the future by using analysis of past performances such as historical data is 

examined, patterns are identified, and the relationship is extrapolated. 

Algorithms are applied on datasets by predictive analytics for exploring and 

examining the decisions potential which related to complex and high-volume 

requirements and objectives for optimizing performance (Ngo, et al., 2020).  

Predictive network management can be carried by machine learning-

based tool in order to make proactive mitigation when freight transit time is 

predicted to be delayed. This tool also can identify the top factors of causing 

delay to ensure planning ahead. Furthermore, AI is used in predictive risk 

management to mitigate the problems with suppliers like poor labour practices 

to materials shortage, by using the power of AI like natural language processing 

and advanced machine learning. AI will monitor the information then identify 

the risk indicators and finally make earlier corrective actions to avoid logistics 

disruption. On the other hand, AI can also make intelligent route optimisation 
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which is important for logistics providers in transportations, picks up and 

shipments (Gesing, et al.,2018). 

 

2.7.8 AI-powered Jobsite Cameras 

Jobsite cameras powered by AI with advanced video analytics will allow 

capturing of image and video automatically, processing the images into useful 

information and real-time detection of things and events of interest on-site can 

be provided. It is useful in ensuring site security, safety of workers and also 

analysing the flow of materials on site. It acts a deterrent in reducing the theft 

of materials on-site (Gaw, 2019). 

 

2.7.9 AI Back Office 

Cognitive automation (intelligent or smart automation) is process automation 

by using the combination of robotic process automation (RPA) and AI. 

Cognitive automation tools able to handle unstructured information and 

decisions can be made based on unstructured and complex input. Those clerical 

labours are replaced by the software robots which integrated with the IT system 

and existing business applications. RPA is different with AI. RPA unable to 

learn beyond its initial specified programming and only can operate those rule-

based works which have been well-structured inputs by humans; AI is able to 

extract and learn itself from the unstructured data (Gesing, et al., 2018). 

 First, the combination of RPA and AI can well-cooperated in detecting 

fraud when logistic service providers always depend on numerous third parties 

in project. Millions of unstructured invoices need to be processed by logistics 

accounting teams annually. AI natural language processing (NLP) can help to 

reduce this burden by understanding the unstructured data from emails and 

extracting the crucial information for example parties involved, account 

information, billing amounts, dates and addresses. After AI well classifies the 

data, the data is fed into the existing accounting software by RPA in order to 

generate an order, payment and confirmation email to customers. All these 

processes can be done without any human intervention (Gesing, et al., 2018).  

Sometimes, when there are physical documents such as printed contracts 

or handwritten invoices which are hard for a machine to understand, with aids 

of optical character recognition (OCR), it can be converted into machine-
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encoded text which can be processed by machines as well as consumed and 

editable by humans. However, OCR’s rate of accuracy is depending on the 

quality of original document and sometimes it is problematic as small mistakes 

such as incorrect price or address may cause significant loss. Traditional OCR 

is manually check and monitor its results when AI can do this automatically by 

pulling insights itself from the text (Keary, 2019; AI Mutiple, 2021a). Thus, AI 

product with the ability of invoice capture is the first purchase by most of the 

companies because it is easy integration with significant benefits (AI Mutiple, 

2020, AI Mutiple, 2021b). 

 Second, cognitive contracts can be completed by using AI natural 

language processing in classifying any policy-relevant sections, contractual 

clauses and signature portions. Furthermore, one of the most crucial parts in 

logistics industry is keeping the information like address up to date and 

complete. Now, an AI engine has been developed to manage and minor pre-

processing the contact information in order to ensure the correctness, 

completeness and consistency of billions of data (Gesing, et al., 2018). 

 

2.7.10 AI Developer Kits 

AI developer kits such as the Jetson AGX Xavier developer kit in Figure 2.10 

which is the first computer in the world specially designed for autonomous 

machines, drones and robots. The AI of power is brought along with excellence 

performance in handling sensor fusion, obstacle detection, localization visual 

odometry, path planning and mapping algorithms. End-to-end AI robotics 

applications becomes easier to be created and deployed by people. It supports 

last-mile delivery as it is multi-algorithm and real time processing to navigate 

the crowded and populated area. In warehouse logistics, this computer vision 

and advanced AI processing enable object recognition, navigation, data security 

as it can be embedded in AGV or UAV. On the other hand, aerial and stationary 

cameras powered by this developer kits can perform inspections, vehicles 

tracking and unauthorized visitors in secure areas will be alerted (NVIDIA, 

2020). 
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Figure 2.9: NVIDIA Jetson AGX Xavier developer kit 

(NVIDIA, 2020) 

 

2.8 Challenges on Artificial Intelligence Adoption  

Although AI is powerful and benefit the industry, there are several barriers or 

challenges required to be addressed before the adoption of AI. The literature 

reviewed for these challenges is presented in Table 2.3 below. 

 

Table 2.3: Literature Review of Challenges on AI Adoption 

 
 

 
 

       
 
 

Challenges on AI Adoption 

Previous Studies 

D
ietvorst, et al. (2015) 

Lauterbach and B
onim

 (2016) 

Prahl and V
an Sw

ol (2017) 

O
m

ar, et al. (2017) 

Tucker, et al. (2018) 

C
ubric (2020) 

N
ishant, et al. (2020) 

K
aplan and H

aenlein (2020) 

C
ui, et al. (2020) 

Algorithm Aversion  ✓  ✓      ✓ 
Change of Working Culture  ✓  ✓  ✓    
Lack of Leadership Commitment    ✓  ✓    
Lack of Employees Commitment    ✓  ✓    
Privacy Concerns     ✓ ✓ ✓   
Environmental Concerns       ✓ ✓  
 

2.8.1  Algorithm Aversion 

Humans tend to averse to algorithmic forecasters even evidence-based 

algorithms enable higher accuracy in prediction. It also means that human easily 
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to lose confident when the algorithms make same mistakes (Dietvorst, et al., 

2015). Cui, et al. (2020) conducted a research about the impact of using AI in 

procurement by comparing the quotation price offered by the supplier to human 

buyers and chatbot buyer (both buyers using AI recommendations). Suppliers 

will evaluate first whether AI recommendations can influence the decision of 

buyer. When they know it is a chatbot buyer with AI recommendation, the 

suppliers will reduce the wholesale price. This is because suppliers believe that 

chatbot is a machine which has been programmed to follow and trust the AI 

recommendation. However, when human buyer quotes for prices in person with 

AI recommendation, suppliers will maintain the price. This is because the 

suppliers perceive that human buyers will ignore and do not trust on 

recommendation by AI. Similarly, it is common for everyone such as managers 

believe more in their own demand prediction than prediction provided by 

machines; when packing big parcel, workers will use bigger boxes to pack 

instead of following system suggestion (Cui, et al., 2020).   

 

2.8.2  Change of Working Culture 

In order to adopt AI in enhancing the companies’ competitive advantages and 

value, the governance and management of companies will be significantly 

affected (Omar, et al., 2017). This means the innovation of AI will involve 

significantly in the decision making, evaluation and analysis process. Many 

human labours will be reduced and replaced by a machine to boost efficiency 

and productivity. The working environment may involve more machine or 

robotic intervention but less human. New innovation is a real challenge for 

Board members and directors in companies, thus they have to be aware and be 

ready in diffusion of the AI innovation to survive and compete in the market 

(Lauterbach and Bonim, 2016; Omar, et al., 2017). 

 

2.8.3  Lack of Leadership Commitment  

For the perspective of the top management and directors, they view that AI 

innovation belong with significant risk, high level of uncertainly and maybe 

enormous cost which are unable to be estimated. Furthermore, many companies 

lack of or without capital for AI adoption as AI requires a lot of resources such 

as research, state-of-the-art facilities and technology advancements. Thus, 
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directors and management might be reluctant to change to avoid the situation 

cost overweight revenue (Omar, et al., 2017). According to McKinsey Global 

Institute’s study, there is only tepid demand for AI applications recently because 

of relatively slow pace of analytics and digital transformation of the economy 

and many of the leaders all around the world are uncertain about what AI can 

do for them and whether benefits will be bought along, where to get AI-powered 

applications, how to integrate it into their company and lastly how to make 

assessment of return on the investment of AI technology (Bughin, et al, 2017). 

 

2.8.4  Lack of Employees Commitment 

Both management and employees are reluctant to change due to many reasons. 

From the view of employees, AI adoption will be troublesome for them in 

learning and practicing new skills because the way of producing, delivering of 

products and services has been significantly changed. Furthermore, 

unfavourable responses will be triggered by employees as they require to follow 

the fast pace of continually development and evolvement of AI in order to 

ensure better performance.  They will get stressed because the learning process 

is long, tough and competitive among employees. On the other hand, AI 

machine or robots let them feel unsecure as they will be replaced to reduce 

human errors (Omar, et al., 2017). 

 

2.8.5  Privacy Concerns 

There are some examples of privacy concerns by adopting AI which are data 

persistence, data repurposing and data spill-overs. Data persistence means that 

once create the digital data, it is difficult to be deleted completely. When data 

hard to varnish, the uncertainty of how the data will be used will significantly 

increase. It is still not clear how these data will be used in future. Once created, 

these data can be repurposed indefinitely. Furthermore, due to the ability of AI 

to automate prediction and its discriminatory outcomes, algorithms are 

considered as they will gradually and naturally make spill-overs across data 

themselves (Tucker, et al., 2018). 
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2.8.6  Environmental Concerns 

AI is not excluded from the distribution of climate change (Kaplan and 

Haenlein, 2020). Carbon dioxide emitted by a single AI model training is 

equivalent to 5 cars’ lifetime emissions (Hao, 2019). AI models are adopted 

along with the vast energy consumption big data centres and dataset. Vast 

amount of energy or raw materials such as nickel, cobalt and lithium are 

required by the servers which store big data and run computations within the 

cloud. This raw materials or energy is used for cooling the servers. The 

enormous amount of these raw materials may soon no longer to be supported by 

Earth. Furthermore, electronic wastes are produced once they are outdated. 

These processing may damage the environments further and affect human health 

(Kaplan and Haenlein, 2020).  

 

2.9 Proposed Theoretical Framework for Artificial Intelligence   

In brief, the literature reviewed is summarised into the theoretical framework as 

illustrated in Figure 2.10. There are 4 moderating variables which have 

contingent effect in influencing the readiness of industrial players to adopt AI 

in construction logistics practices. They are the awareness towards “the benefits 

of Logistics 4.0”, the awareness towards “the AI adoption in construction 

logistics”, the current practices of AI in construction logistics and lasty the 

challenges in AI adoption. 
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Figure 2.10: Theoretical Framework for AI Adoption in Construction Logistics
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2.10 Summary 

The chapter disclosed the definition, structure and types of AI. Furthermore, it 

explained construction logistics and discussed about the problems of 

construction industry in current practices. It also showed the benefits of logistics 

4.0 in construction industry. Lastly, it also reveals the existing practices of AI 

adoption in construction industry and its challenges faced in AI implementation.
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CHAPTER 3 

 

3 METHODOLOGY AND WORK PLAN 

 

3.1 The Definition of Research 

University of Southern California (2015) defined research as “the creation of 

new knowledge and/or the use of existing knowledge in a new and creative way 

so as to generate new concepts”. Refer to the Cambridge Dictionary, research 

was defined as” a detailed study of a subject, especially in order to discover 

(new) information or reach a (new) understanding.” Furthermore, research 

means the process of seeking solutions to problems after a thorough and 

comprehensive study and analysis of situational factors. People are constantly 

engaging in some form of research activity to explore and examine the issues 

such as buying a new car, invest a business start-up. Research helps 

organisations to make proper decisions as good decisions solve the problems 

and poor decisions persist the problems (Sekaran and Bougie, 2016). 

 

3.2 Research Methods 

Research methods are procedure and plans for research which span the steps 

from general assumptions to detailed methods in collecting, analysing and 

interpreting the data. In order to obtain better understanding and explanation for 

research, the empirical data is strived to be collected systematically and the 

patterns of data is examined. Misunderstandings and miscommunications can 

be created by the differences between the research methods (Neuman, 2014). 

There are three types of research method which are qualitative, quantitative and 

mixed methods (Creswell and Creswell, 2018). 

 

3.2.1 Quantitative Research 

The data collection technique in quantitative research involves hard data which 

always in form of numbers. Typically, this happens by shifting deductively from 

abstract idea to particular data collecting technique and to exact numerical data. 

The abstract ideas are empirically represented by these numerical information 

which represents a standardized, compact and uniform way. Quantitative 
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research uses a language of hypothesis and variables and depend more on 

positivist principle. It is more emphasis on measurement of variables precisely 

and hypothesis testing (Neuman, 2014).  

For this research, quantitative research method will be adopted to 

examine the readiness of AI in Malaysian construction logistics. Figure 3.1 

shows the steps in quantitative research process. A questionnaire survey is 

designed for data gathering, analysis and interpretation. Each respondent is 

requested to answer the questionnaires through Google forms. Statistics are 

eventually produced from a huge number of sampling group. 

 
Figure 3.1: Steps in Quantitative Research Process 

(Source: Neuman, 2014) 

 

3.2.2 Qualitative Research 

The techniques used in qualitative research sometimes involve data in the form 

of numbers, but more frequently involves soft data in spoken or written words, 

videos, maps, photos, physical objects, sounds or symbols. Differ with 

quantitative research, all observations are not converted by a qualitative 

research into a common, single medium such as numbers, but the data is left in 

various non-standard sizes, shapes and forms. The qualitative data are diverse, 

voluminous and non-standard when information is converted into a condensed 

and standard format by numerical data (Neuman, 2014). 

 

3.2.3 Mixed Method / Triangulation Research 

Mixed method is also known as triangulation research which mixes both 

quantitative research and qualitative research methods and data. Mostly research 

is developed by an expertise in single method only, however each of the research 
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methods have complementary strengths. By combining both methods, the 

research tends to be more comprehensive and richer (Neuman, 2014). 

 

3.2.4 Justification of Research Method 

For this research, only quantitative research method will be adopted to examine 

the readiness of AI adoptions in Malaysian construction logistics. Responses or 

data are collected from the sampling group through online questionnaires. Each 

respondent is requested to answer the questionnaires through Google Forms 

only. The data collected by using quantitative research method are analysed 

numerically and interpreted in the table forms in Chapter 4. Large amount of 

data is often used to deal in research to achieve results with high reliability. The 

quantitative data in this research are obtained by preparing a list of relevant 

questions carefully and distributed to the relevant targeted construction 

practitioners in Malaysia. After all of the statistical data are received from the 

respondents, the analysis of data collected are carried out by using Statistical 

Package for the Social Science (SPSS).  

 

3.3 Research Design 

Firstly, the technology today has developed tremendously in many industries 

especially in construction industry which distributed the one of the highest GDP 

in Malaysia. Its fast-developing pace has triggered this research which focused 

on technology in construction logistics as transportation of materials is one the 

most important factors in ensuring the completion of construction project on 

time and cost effectively. 

 It is essential in identifying and narrowing the topic for the research 

because the scope of technologies used in construction logistics are too broad 

and too difficult to be studied whole field in a single research. Therefore, AI is 

chosen as the major technology to be studied in this research., as AI is the major 

trend throughout 2020 in logistics industry nowadays. AI often appears as the 

headlines in media recently and many countries have invested in AI, conducted 

or took part in conference and developed AI Strategy to support the 

development of AI.  

 After identifying the research topic, sources of studies then started to be 

searched and topics related to AI are reviewed. The sources are from journal, 
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online news, book, government websites and official websites. During the 

completion of literature review, problems for this research is identified 

concurrently.  

 It is found that there is no research discussed about the AI adoption in 

Malaysian construction logistics and its readiness by construction players. Thus, 

this defined problem is distributed in establishing the aim and objectives in this 

research in order to minimise the research gap. Thus, this research aims to 

examine the readiness of AI in construction logistics. 

 The primary data basically are obtained by using quantitative 

approaches in order to gain information or data about the current existing 

practices of AI in construction logistics and their readiness to adopt AI. The 

respondents are contractors, subcontractors, suppliers, specialists and logistics 

services providers who have higher level of experiences and involvement in 

dealing with construction logistics related to back-and-forth transportation of 

raw material supply, manufacturing factory, supply house, the site boundaries 

or within the construction site. Furthermore, the secondary data in this research 

are obtained from online websites, journal, published reports, book, online news 

and more official sources. Figure 3.2 shows the flowchart of this research. 
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Figure 3.2: Flowchart of Research 
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3.4 Research Philosophy  

The issues underlying the choices of technique in collecting data and data 

analysis procedures is depicted in Figure 3.3. The philosophy is located in the 

most outer of the onion’s layer. Research philosophy is defined as assumption 

about the knowledge development and a system of belief. There are five major 

philosophies which are positivism, critical realism, interpretivism, 

postmodernism and pragmatism (Saunders, et al., 2019).  

 
Figure 3.3: The 'research onion' 

(Source: Saunders, et al., 2019) 

 

3.4.1 Positivism 

Law-like generalisations are produced in positivism research by the 

philosophical stance of the natural scientist who entailed working with 

observable social reality. Accurate knowledge and unambiguous are promised 

in positivism. Human interpretation or bias will not influence the positivist who 

strictly focus on scientific empiricist method which designed to yield pure facts 

and data (Saunders, et al., 2019). 

 

3.4.2 Critical Realism 

Critical realism focuses on explaining what an individual experiences or sees. 

However, the most significant philosophical consideration for critical realists is 

reality, they will see the reality as independent and external. They will not 

directly accessible via their knowledge and observations to minimise the bias 

and errors by highlighting how often their senses deceive them. Critical realists 
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will emphasise on those underlying elements in the situations to look for the 

bigger picture of which they see only a small part (Saunders, et al., 2019). 

 

3.4.3 Interpretivism 

Interpretivism mainly emphasises that humans will comes from different 

physical phenomena which creates various meanings. Different humans will 

come with different cultural backgrounds, at different times will make different 

meanings, under different circumferences and different social realities will be 

experienced. A richer, new and meaningful interpretations and understandings 

of contexts or social worlds will be created by interpretivist research (Saunders, 

et al., 2019).  

 

3.4.4 Pragmatism 

Pragmatists strive to reconcile both subjectivism and objectivism, values and 

facts, rigorous and accurate knowledge and different contextualised experiences. 

Pragmatists will consider the concepts, theories, hypotheses, ideas and research 

findings and play them as instruments of thoughts and actions. Pragmatists 

consider reality matters as practical effects of ideas and knowledge as the 

elements which valued to enable an action to be carried out successfully. 

Pragmatism research typically will start with a problems and lastly practical 

solutions are aimed to be contributed to inform future practice. Moreover, 

pragmatists recognise that there are various ways in interpreting the world as 

well as undertaking a research, thus there is no single point of view can give 

entire picture (Saunders, et al., 2019). 

 

3.4.5 Justification of Research Philosophy  

In this research, interpretivism is adopted when it provides multiple 

interpretations, meanings and realities to a research as well as focuses on the 

new and various perceptions, interpretations, worldviews and understandings to 

a research. This research requires to seek for different sources which contains 

various different perspectives, opinions and perceptions from different 

individuals who have experiences or work related throughout or part of the 

construction logistics from raw material supplier, manufacturing factory, supply 

house until construction sites (include boundaries and within site). Furthermore, 
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in order to examine the readiness of AI in construction logistics, interpretivism 

which value-bound is be prefer when the data will be actively used and attach 

themselves to their own values and subjectivism interpretations. 

The interpretivism philosophy emphasised that different humans with 

different backgrounds will give different meanings. Thus, survey was targeted 

and carried out to different industrial players to study their readiness towards 

AI. In this research, it is not simply discussed whether local construction 

industrial players are ready to adopt AI in their practices or not. Their readiness 

is further explained and discussed by its underlying structures which are their 

awareness towards adoption of AI, current adoption level for existing practices 

of AI and the challenges in adopting AI such as high implementation cost, lack 

of support from leaders, lack of knowledge or technologies and so on. 

 

3.5 Approaches to Theory Development and Its Justification 

There are three main approaches to the theory development which are deductive, 

inductive as well as abductive. Deductive reasoning starts with existing theory 

and always used for theory testing by rising a hypothesis or question. Then, data 

are collected to reject or confirm that hypothesis. The conclusion from deductive 

reasoning is logical and true. Other than that, inductive research starts with 

observations as well as data collection, then begins descriptions and analysis to 

build a theory. The conclusion from deductive reasoning is logical but maybe 

false. Abductive reasoning moves between deductive and inductive reasoning is 

adopted to come up with a best guess and conclusion according to available 

evidence and incomplete observations (Melnikovas, 2018).  

Instead of using deductive and abductive reasoning, inductive reasoning 

is adopted in this research. Inductive reasoning begins with data collection to 

explore a phenomenon and theory is generated or built (Doyle, 2020). This 

research involved down-top thinking of readiness of AI adoptions in 

construction logistics from specific to general. Firstly, secondary data about the 

brief account of AI, construction logistics, problems faced in current logistics 

practices, existing AI adoptions in construction logistics, benefits of Logistics 

4.0 and challenges in adopting AI are collected. In order to examine the 

readiness of AI in local construction logistics, a theoretical framework is created. 

Overall, a generalised conclusion about the readiness of AI in local construction 
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logistics is reached after identifying the problems of current construction 

practices, the awareness towards the benefits of Logistics 4.0, the awareness 

towards the AI adoptions, the existing AI practices and the challenges in 

adopting AI.  

 

3.6 Methodological Choice and Its Justification 

There are five different research choices in terms of qualitative and quantitative 

research method. As mentioned before in Chapter 3.2, qualitative research 

method involves mathematical operations and numbers when quantitative 

research method collects descriptive data. Mono method focused on either one 

of the research method when mixed method adopts both methods in the same 

research. Furthermore, the multi-method undermines the function of both 

choices when both research method is used but one of them is just for 

supplementary or auxiliary. In this research, the selected methodological choice 

is mono method quantitative because only focus on quantitative data gathering 

through questionnaire (Melnikovas, 2018). The details of questionnaires will be 

discussed later in Section 3.8.1. 

 

3.7 Time Horizons and Its Justification 

Time horizons define the research’s time frame. Cross-sectional also knows as 

short terms study which involves data collection at a specific time only. 

Longitudinal means the non-stop and repeated data collection over a long time 

period for completing the data (Melnikovas, 2018). The time frame of this 

research is cross-sectional only because the data collection only conducted for 

7 weeks to complete the final year project 2 (FYP 2).   

 

3.8 Data Collection Approaches and Its Justification 

There are two different types of data collection approaches which are primary 

data collection and secondary data collection. The research design’s integral 

part is data collection methods. Primary data is collected first-hand with own 

afford when secondary data is already available or collected by other people or 

researchers for their purpose. Primary data can be done by observation, 

interviews, by questionnaires or by experiments to respondents. Secondary data 

comes from various sources such as government publications, statistical 
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bulletins, unpublished or publishes information available outside or within the 

organization, Internet or company websites. Some evaluations of secondary data 

should be done carefully before it is used such as evaluations of the data 

timeliness (check whether data available is up to date), data accuracy (who and 

how to collect the data), data relevance (relevant to needs) and data costs (does 

benefits overweight the costs or it is better off using primary data collection). In 

the early research process stages such as completing literature reviews, 

secondary data collection is adopted (Sekaran and Bougie, 2016). 

 In this research, only quantitative data collection methods have been 

adopted to acquire broad information on construction logistics. The primary 

data in this research were gathered through online questionnaires surveys from 

contractors, subcontractor, suppliers, specialist and logistics services providers 

who have experiences or work related throughout or part of the construction 

logistics from raw material supplier, manufacturing factory, supply house until 

construction sites (include boundaries and within site) while the secondary data 

were collected by reviewing books, online journals, websites, published reports, 

online newspaper and so on. 

 

3.8.1 Questionnaire Design 

This research’s questionnaire is structured into four main sections. The 

questionnaire design proposed in Figure 3.4 is developed from the theoretical 

framework shown in Figure 2.10 from Chapter 2. Table 3.1 shows the summary 

of questionnaire design. 

 

Table 3.1: Summary of Questionnaire Design 

Section Item 

A Respondent’s demographic information 

B Artificial intelligence (AI) adoptions in construction logistics 

C Problems in current construction logistics practices 

D Challenges of artificial Intelligence (AI) adoptions 

 

 Four questions are set in Section A to collect respondent’s demographic 

data which include business activities of respondents’ organisation, the position 

of respondent in his/her organisation and their working experience in 
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construction industry. All of these are independent variables which used to 

discuss the relationship with dependent variables which are collected in Section 

B, C and D. Summary of these assessed questions is shown in Table 3.2. 

 

Table 3.2: Summary of Respondent's Attribute Assessment 

No. Type of Question Factor Assessed 

A1 List Question Respondent’s organisation business activities 

A2 List Question Respondent’s job position in organisation 

A3 Category Question Respondent’s working experiences 

 

 There are total of four matrix questions are set in Section B. There are 

seven construction logistics activities are listed in B1 and B2 when ten AI 

adoptions which reviewed in the literature are listed down in B3 and B4. 

Question B1 and B3 more focused on respondent’s perception towards the 

relevance and their agreement on the functions of AI adoption discussed in 

construction logistics. B2 and B4 are more focused on organisation’s plan of AI 

adoption in construction logistics. 

Section C consists of three matrix questions. C1 evaluates the 

respondent’s perception on problems in current construction logistics practice. 

Five problems reviewed in Chapter 2 are listed in C1. Next, C2 is focused on 

the problems faced in current construction logistics practices and have happened 

to the organisations. C3 evaluates the respondent’s agreement on benefits of 

Logistics 4.0 in construction logistics practice. 

 Lastly, section D comprises a matrix question to uncover the factors 

undermining the AI adoptions. Six challenges from literature review in Chapter 

2 are listed and require respondents to rate their agreement towards each 

challenges of AI adoption. Potential obstacles for AI adoption in local 

construction logistics are identified through analysis of data collected in this 

section.
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Figure 3.4: Theoretical Framework for Questionnaire Design
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3.9 Sampling 

Sekaran and Bougie (2016) states that surveys are powerful and useful as a tool 

to find the answers for research questions by gathering data and subsequent 

analyses, however if the targeted population is not correct, it does more harm 

than good and the research is in vain as the collected information cannot provide 

the right answer in solving the problems. Thus, sampling is important as it 

involves the selection process of the right people, events or objects as the entire 

population’s representatives. The reason of choosing sampling instead of data 

collection from the whole population is it may practically be impossible for 

every element’s data to be collected, tested or examined. It is prohibitive in 

terms of cost, human resources and time. More reliable results are produced by 

using sampling (Sekaran and Bougie, 2016). 

 

3.9.1 Population 

After defining the target population precisely, sampling only will begin. In 

defining the target population, the scope of study and the research objective play 

a crucial role. The target population is defined in terms of geographical 

boundaries, elements and time (Sekaran and Bougie, 2016). The population of 

this research is individuals working in construction industry or logistics industry 

throughout Malaysia. They are from different gender, business activities, 

position and working experience. 

 

3.9.2 Sampling Frame 

All of the elements in the drawn sample’s population are represented in 

sampling frame (Sekaran and Bougie, 2016). Thus, sampling frame is one of the 

crucial considerations to design the sampling. A boundary is set to the sample 

size from a huge population group. Nevertheless, in a research study, it is 

possible and always having more than 1 sampling frame due to each sampling 

frame will bring different types or level of information and perspectives towards 

the research topic (Turner, 2003). 

In this research, there are total of five groups of sampling frame which 

includes contractors, subcontractors, suppliers, specialists and also logistics 
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providers. In order to examine the readiness of AI in construction logistics, 

comprehensive information and wide range of perceptions towards the problems 

in current practices, agreements to benefits of Logistics 4.0, perceptions towards 

relevance of AI, agreements towards the functions of AI applications, 

organisation’s plan for adopting AI and agreements towards the challenges of 

AI adoptions are collected from these five groups of sampling.  

 

3.9.3 Sampling Size  

Cochran (1977) determined the reasonable minimum sampling size is 384 which 

can be expressed by the equation below (Cochran, 1977): 

𝑛𝑛 =
𝑍𝑍2𝑝𝑝𝑝𝑝
𝑒𝑒2

 

𝑛𝑛 = 1.962(0.5)(1−0.5)
0.052  =384 

where, 

n= sample size 

At 95% confidence level, Z= 1.96 

q= 1-p, p= 0.5, q= 0.5 

e= margin of error, normally assume to be 5% 

 

Although larger sample size will provide more accurate information, but 

finding more respondents is time-consuming. Thus, instead of using 

determination by Cochran’s Formula, the sample size of this research is 

determined based on the Central Limit Theorem (CLT). If samples’ number 

equal or greater than 30, CLT is reasonably accurate with sufficient size of 

samples (Chihara & Hesterberg, 2011).  

 

3.9.4 Sampling Method 

There are two types of sampling method which are probability sampling and 

non-probability sampling (Sekaran and Bougie, 2016). Probability sampling is 

resorted while elements in the population has a nonzero, known chance to be 

chosen as sample subjects. An equal probability for each element of population 

is selected into sample by using mathematically random method (Neuman, 

2014). Probability sampling can be either simple random sampling or complex 
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probability sampling. Non-probability sampling always creates very 

nonrepresentative sample while elements in the population has not any 

probabilities attached to be chosen as sample subjects. Non-probability samples 

are cheap, quick and easy to obtain as it is not confidently to generalization of 

the population and this types of samples include convenience sampling and 

purposive sampling (Sekaran and Bougie, 2016). 

In this research, convenience sampling (one of the non-probability 

sampling method) is adopted in this research when respondents are selected 

based on availability and convenience in order to examine the readiness of AI 

in construction logistics. This method is chosen because the units are the easiest 

to access and this research only interested to achieve enough sample size of 154 

individuals to take part (Laerd, 2012). The selected respondents would provide 

this research with more comprehensive and thorough information because they 

have higher level of involvements and particular experiences in dealing with 

construction logistics. 

  

3.10 Data Analysis Method 

The data gathered from the questionnaire survey respondents were analysed by 

Shapiro-Wilk W Test, Cronbach’s alpha reliability, descriptive analysis and 

inferential statistics which is Mann-Whitney U Test. In short, Shapiro-Wilk W 

test is used to test the normality; Cronbach’s alpha reliability test is adopted to 

ensure the construction of each section in questionnaire is internally consistent; 

descriptive statistics is adopted to ensure information’s plain interpretation and 

presentation; inferential statistics is adopted to ensure the generalisation of 

findings. 

 

3.10.1 Shapiro-Wilk W Test 

In this research, Shapiro-Wilk W test which is the most powerful numerical 

normality test in most situation is used. This test is suitable for small sample 

sizes, for example 50 samples until large sample sizes, for example 2000 

samples. The data is normal when significance (Sig.) value is greater than 0.05. 

When Sig. value is less than 0.05, then the data is deviated from a normal 
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distribution (Laerd, 2018e). In this research, the data gained is non-normal 

distribution. 

 

3.10.2 Cronbach’s Alpha Reliability Test 

To measure reliability or internal consistency, Cronbach’s alpha is the most 

common method used while questionnaires have multiple Likert questions and 

researchers wish to determine whether the scale is reliable or not. For the 

questionnaire of this research, each of the matrix questions are conducted with 

Cronbach’s alpha reliability test in order to test or measure the internal 

consistency. Its range of alpha coefficient value is from 0 to 1. The reliable data 

will show an alpha coefficient value which equal or more than 0.7 (Laerd, 

2018b). 

 

3.10.3 Descriptive Statistics 

Descriptive statistics makes description, presentation and summary of analysed 

data in a meaningful way. This statistics is significant when present a lot of raw 

data because it allows simple interpretations of data. General overview of data 

results is presented in form percentages or actual numbers (Laerd, 2018a). In 

this research, descriptive statistics are used for questions in Section A to present 

the attributes of respondents in form of frequency and also percentage. 

Moreover, ranking by median and frequency of median are used for questions 

in Section B, C and D.  

 

3.10.4 Inferential Statistics 

a) Mann-Whitney U Test 

With median in descriptive statistics, it only shows their rank among the groups, 

but not pointed which groups are different with other groups. With Mann-

Whitney U test, comparison of Section B1 to B4 and C2 are conducted in this 

research to reject the null hypothesis in order to reveal the significant differences 

of the pairs of sample groups in terms of their perception.  
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Table 3.3: Sections for Pairwise Comparison Towards Respondents’ Attributes 

Section Table which shows pairwise comparison towards respondents’ 

attributes 

4.5 Table 4.5: Rejected Null Hypothesis for Problems in Current 
Construction Logistics Practices 

4.6 Table 4.7: Rejected Null Hypothesis for the Perception towards 
Relevance of Construction Logistics Activities to AI Adoptions 

4.7 Table 4.9: Rejected Null Hypothesis for Agreements Towards 
Statements Related to The Functions of Each AI Adoptions in 
Construction Logistics 

4.8 Table 4.11: Rejected Null Hypothesis for Perception towards the 
Organisation’s Plan for AI Adoption in Different Construction 
Logistics Activities 

4.9 Table 4.13: Rejected Null Hypothesis for Perception Towards the 
Organisation’s Plan with Different AI Adoptions in Construction 
Logistics 
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CHAPTER 4 

 

4 DATA ANALYSIS AND DISCUSSION 

 

4.1 Introduction 

The results of the survey are reported and analysed in this chapter in order to 

obtain and infer the results for generalisation. In Section 4.2, the demographic 

information is introduced. The results of Shapiro-Wilk Test and normality test 

are shown in Section 4.3 and 4.4. Results of collected data about the problems 

of construction logistics in current practices, the perception towards the AI 

relevance to construction logistics activities, the agreements to the functions of 

AI applications, the organisation plan for AI adoption and the challenges of AI 

adoptions are reported in Section 4.5 to Section 4.11 respectively. Lastly, these 

findings are discussed and compared with literature review in Section 4.12. 

 

4.2 Respondents’ Background 

A total of 154 sets of questionnaires are sent via social media for example 

Facebook, WhatsApp and also email. Table 4.1 summarises the details of 

respondents’ background. More than half of the respondents are female (55.2%) 

while the highest number of respondents are working in contractor company 

(21.4%). Majority of the respondents have a role as executive in their company 

(29.9%) and 29.2 % of them have 3 to 5 years working experiences. 

 

4.2.1 Response Rate 

The questionnaires are mainly disseminated by using online survey. There are 

approximately 370 questionnaires were sent out online through Facebook, 

WhatsApp and also email to the targeted respondents who worked in contractor 

firms, subcontractor firms, specialist firms, supplier firms and logistics service 

provider firms between February 2021 and April 2021. Among these 370 

questionnaires, only 154 responses were answered and duly received. Thus, the 

overall response rate in this research is about 41.6%. 
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Table 4.1: Respondents’ Attributes (N=154) 

Demographic Information Categories Frequency Percentage (%) 
Organisation Business Activities Contractor 33 21.4 

 Sub-contractor 30 19.5 

 Supplier 30 19.5 

 Specialist 30 19.5 

 Logistics Services Provider 31 20.1 

Job Position Assistant  37 24.0 

 Executive 46 29.9 

 Manager/Project Manager 40 26.0 

 Deputy Director/Director 31 20.1 

Working Experience Less than 2 years 38 24.7 

 3 – 5 years 45 29.2 

 6 – 10 years 30 19.5 

 More than 10 years 41 26.6 

                    Remark: N = Total number of respondents 
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4.3 Shapiro-Wilk W Test 

Table 4.2 shows the result of normality test for three sections of this 

questionnaire. All of the significance of the three sections are smaller than 0.05, 

which indicate that these sections’ construction is deviated from normal 

distribution. 

 

Table 4.2: Significance of Shapiro-Wilk W Test 

Sections Significance (Sig.) 

Section B (B1 to B4): AI Adoptions in Construction 

Logistics 

0.000 

Section C (C2 & C3): Problems in Current Construction 

Logistics Practices  

0.000 

Section D (D1): Challenges of AI Adoptions 0.000 

 
4.4 Cronbach’s Alpha Reliability Test 

Table 4.3 shows the result of reliability test for three sections of this 

questionnaire. All of the Cronbach alpha value of the three sections are bigger 

than 0.7, which indicate that these sections’ construction is internally consistent. 

 

Table 4.3: Cronbach Alpha Value of Reliability Test 

Sections Cronbach alpha value 

Section B (B1 to B4): AI Adoptions in Construction 

Logistics 

0.727 

Section C (C2 & C3): Problems in Current 

Construction Logistics Practices  

0.825 

Section D (D1): Challenges of AI Adoptions 0.700 

 
4.5 Problems Faced in Current Construction Logistics Practices 

The ranking of the problems faced in current construction logistics practices are 

reported in Table 4.4. The results show the problems faced in current 

construction logistics practices in descending order are lack of collaborations, 
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cost overrun, worker safety problems, time overrun, road damage, noise 

pollution and air pollution. 

 

 Table 4.4: Ranking on Problems in Current Construction Logistics Practices 

Problems in Current 

Construction Logistics Practices 

Median Frequency of Median Rank 

Lack of collaborations 5.00 91 1 

Cost overrun 5.00 83 2 

Worker safety problems 4.00 69 3 

Time overrun 4.00 66 4 

Road damage 4.00 62 5 

Noise pollution  3.50 68 6 

Air pollution  3.00 84 7 

Remark: 1 = Never, 2 = Seldom, 3 = Sometimes, 4 = Frequently, 5 = Always 
 

Majority of the respondents always faced problems related to lack of 

collaborations between parties and cost overrun in their current and previous 

project. Some of the respondents frequently face problems pertaining to worker 

safety problems, time overrun and roads damages. There are 68 respondents 

sometimes or frequently face noise pollution in their project. The air pollution 

problems sometimes are faced by 84 respondents in their current or past project.   

The rejected null hypothesis related to problems faced in current 

construction logistics practices by conducting the Mann-Whitney test to 

compare different perception between different groups of respondents in Table 

4.5. 
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Table 4.5: Rejected Null Hypothesis for Problems in Current Construction 

Logistics Practices 

Rejected Null Hypothesis Sig. 
The problem in current construction practices is cost overrun and 
same between the group of “contractor” and “subcontractor”.  

.039 
 

The problem in current construction practices is time overrun and 
same between the group of “contractor” and “subcontractor”. 

.011 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “contractor” and 
“subcontractor”. 

.010 
 

The problem in current construction practices is worker safety 
problems and same between the group of “contractor” and 
“supplier”. 

.002 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “contractor” and 
“supplier”. 

.000 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “contractor” and 
“specialist”. 

.016 
 

The problem in current construction practices is worker safety 
problems and same between the group of “contractor” and 
“logistics”. 

.002 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “contractor” and 
“logistics”. 

.001 
 

The problem in current construction practices is cost overrun and 
same between the group of “subcontractor” and “supplier”.  

.000 
 

The problem in current construction practices is time overrun and 
same between the group of “subcontractor” and “supplier”. 

.032 
 

The problem in current construction practices is cost overrun and 
same between the group of “subcontractor” and “logistics”.  

.027 
 

The problem in current construction practices is time overrun and 
same between the group of “subcontractor” and “logistics”. 

.033 
 

The problem in current construction practices is cost overrun and 
same between the group of “assistant” and “executive”.  

.002 
 

The problem in current construction practices is time overrun and 
same between the group of “assistant” and “executive”. 

.003 
 

The problem in current construction practices is time overrun and 
same between the group of “assistant” and “manager or project 
manager”. 

.030 
 

The problem in current construction practices is worker safety 
problems and same between the group of “assistant” and “deputy 
director or director”. 

.013 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “assistant” and 
“deputy director or director”. 

.012 
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The problem in current construction practices is cost overrun and 
same between the group of “executive” and “manager or project 
manager”. 

.004 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “executive” and 
“manager or project manager”. 

.025 
 

The problem in current construction practices is worker safety 
problems and same between the group of “executive” and “deputy 
director or director”. 

.043 
 

The problem in current construction practices is lack of 
collaborations and same between the group of “executive” and 
“deputy director or director”. 

.000 
 

The problem in current construction practices is cost overrun and 
same between the group with “less than 2 years” and “3 to 5 years” 
working experience. 

.000 
 

The problem in current construction practices is time overrun and 
same between the group with “less than 2 years” and “3 to 5 years” 
working experience. 

.005 
 

The problem in current construction practices is roads damage and 
same between the group with “less than 2 years” and “3 to 5 years” 
working experience. 

.003 
 

The problem in current construction practices is roads damage and 
same between the group with “less than 2 years” and “more than 10 
years” working experience. 

.044 
 

The problem in current construction practices is worker safety 
problems and same between the group with “less than 2 years” and 
“more than 10 years” working experience. 

.007 
 

The problem in current construction practices is worker safety 
problems and same between the group with “less than 2 years” and 
“more than 10 years” working experience. 

.005 
 

The problem in current construction practices is cost overrun and 
same between the group with “3 to 5 years” and “6 to 10 years” 
working experience. 

.010 
 

The problem in current construction practices is cost overrun and 
same between the group with “3 to 5 years” and “more than 10 
years” working experience. 

.013 
 

The problem in current construction practices is worker safety 
problems and same between the group with “3 to 5 years” and “more 
than 10 years” working experience. 

.031 
 

The problem in current construction practices is lack of 
collaborations and same between the group with “3 to 5 years” and 
“more than 10 years” working experience. 

.000 
 

The problem in current construction practices is worker safety 
problems and same between the group with “6 to 10 years” and 
“more than 10 years” working experience. 

.047 
 

 

Table 4.5 (Continued) 
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From the above significant test by using Mann-Whitney Test, the following 

pairs of respondents which are statistically significant different in the problems 

faced in current construction practices. 

 

i) The group of subcontractor experienced 

a) more cost overrun (mean rank = 36.10) in current construction logistics 

practices than the group of contractor (mean rank = 28.27). 

b) more cost overrun (mean rank = 37.75) in current construction logistics 

practices than the group of supplier (mean rank = 23.25). 

c) more cost overrun (mean rank = 35.25) in current construction logistics 

practices than the group of logistics (mean rank = 26.89). 

d) more time overrun (mean rank = 37.50) in current construction 

logistics practices than the group of contractor (mean rank = 27.00). 

e) more time overrun (mean rank = 34.70) in current construction 

logistics practices than the group of supplier (mean rank = 26.30). 

f) more time overrun (mean rank = 35.27) in current construction 

logistics practices than the group of logistics (mean rank = 26.87). 

g) more lack of collaborations (mean rank = 37.75) in current construction 

logistics practices than the group of contractor (mean rank = 26.77). 

 

ii) The group of supplier experienced 

a) more worker safety problem (mean rank = 38.75) in current 

construction logistics practices than the group of contractor (mean rank 

= 25.86). 

b) more lack of collaborations (mean rank = 39.70) in current construction 

logistics practices than the group of contractor (mean rank = 25.00). 

 

iii) The group of specialist experienced 

a) more lack of collaboration (mean rank = 37.40) in current construction 

logistics practices than the group of contractor (mean rank = 27.09). 
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iv) The group of logistics experienced 

a) more worker safety problem (mean rank = 39.35) in current 

construction logistics practices than the group of contractor (mean rank 

= 26.06). 

b) more lack of collaboration (mean rank = 40.05) in current construction 

logistics practices than the group of contractor (mean rank = 25.41). 

 

v) The group of executive experienced 

a) more cost overrun (mean rank = 48.50) in current construction logistics 

practices than the group of assistant (mean rank = 33.92). 

b) more time overrun (mean rank = 48.30) in current construction 

logistics practices than the group of assistant (mean rank = 34.16). 

 

vi) The group of manager or project manager experienced 

a) more time overrun (mean rank = 43.78) in current construction 

logistics practices than the group of assistant (mean rank = 33.84). 

b) more cost overrun (mean rank = 49.71) in current construction logistics 

practices than the group of executive (mean rank = 39.36). 

c) more lack of collaboration (mean rank = 49.30) in current construction 

logistics practices than the group of executive (mean rank = 38.46). 

 

vii) The group of deputy director or director experienced 

a) more worker safety problem (mean rank = 40.39) in current 

construction logistics practices than the group of assistant (mean rank 

= 29.57). 

b) more worker safety problem (mean rank = 44.55) in current 

construction logistics practices than the group of executive (mean rank 

= 35.26). 

c) more lack of collaboration (mean rank = 40.00) in current construction 

logistics practices than the group of assistant (mean rank = 29.89). 

d) more lack of collaboration (mean rank = 48.63) in current construction 

logistics practices than the group of executive (mean rank = 32.51). 
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viii) The group with 3 to 5 years working experience experienced 

a) more cost overrun (mean rank = 49.54) in current construction logistics 

practices than the group with less than 2 years working experience 

(mean rank = 33.07). 

b) more time overrun (mean rank = 48.13) in current construction 

logistics practices than the group with less than 2 years working 

experience (mean rank = 34.74). 

c) more roads damage (mean rank = 48.71) in current construction 

logistics practices than the group with less than 2 years working 

experience (mean rank = 34.05). 

 

ix) The group with more than 10 years working experience experienced 

a) more roads damage (mean rank = 44.61) in current construction logistics 

practices than the group with less than 2 years working experience 

(mean rank = 35.03). 

b) more worker safety problems (mean rank = 45.99) in current 

construction logistics practices than the group with less than 2 years 

working experience (mean rank = 33.54). 

c) more worker safety problems (mean rank = 48.82) in current 

construction logistics practices than the group with 3 to 5 years working 

experience (mean rank = 38.66).  

d) more worker safety problems (mean rank = 39.65) in current 

construction logistics practices than the group with 6 to 10 years 

working experience (mean rank = 31.02). 

e) more lack of collaboration (mean rank = 45.72) in current construction 

logistics practices than the group with less than 2 years working 

experience (mean rank = 33.83). 

f) more lack of collaboration (mean rank = 52.15) in current construction 

logistics practices than the group with 3 to 5 working experience (mean 

rank = 35.62). 
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4.6 Perception towards the Relevance of Construction Logistics 

Activities with AI Adoptions  

Table 4.6 shows the results of the extent of perception towards the relevance of 

construction logistics activities with AI adoptions. The table shows the median. 

frequency of median and their ranking. 

 

Table 4.6: Ranking on Perception towards the Relevance of Construction 

Logistics Activities with AI Adoptions (N = 154) 

Construction logistics activities Median Frequency of 
Median 

Rank 

Process of contracts and invoices 5.00 99 1 
Further planning after prediction of delay 5.00 82 2 
Planning and management of unloading 
and loading zones 

4.00 81 3 

On-site and off-site warehousing 4.00 78 4 
Delivery and traffic management 4.00 66 5 
Monitoring health and safety of site 
workers 

4.00 57 6 

Unloading and loading of materials 3.00 67 7 
Remark: 1: Not at all, 2: Slight, 3: Moderately, 4: Very, 5: Extremely 

 

Based on Table 4.6 above, majority of the respondents perceived that 

process of contract and invoices is extremely relevant to the AI adoptions. The 

second highest construction logistics activities that respondents perceived that 

extremely relevant to AI adoptions is further planning after prediction of delay. 

Moreover, there are 81 respondents perceived that planning and management of 

unloading and loading zones is the construction logistics activity that very 

relevant to AI adoptions. Some of the respondents perceived the rest of 

construction logistics activities are very relevant to AI adoptions are on-site and 

off-site warehousing, delivery and traffic management and monitoring health 

and safety of site workers. Unloading and loading of materials are perceived as 

moderately relevant to AI adoptions in construction logistics.  

 Mann-Whitney test are followed up to be conducted for perception 

towards the relevance of construction logistics activities with AI adoptions on 

all the attributes of the respondents and list of significant null hypothesis is 

shown in Table 4.7.
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Table 4.7: Rejected Null Hypothesis for the Perception towards Relevance of 

Construction Logistics Activities to AI Adoptions 

Rejected Null Hypothesis Sig. 
The perception on the relevance of process of contract and 
invoices with AI adoption is same between the group of 
“contractor” and “supplier”. 

.046 
 
 

The perception on the relevance of planning and management of 
loading and unloading zone with AI adoption is same between 
the group of “contractor” and “supplier”. 

.021 
 

The perception on the relevance of unloading and loading of 
materials with AI adoption is same between the group of 
“contractor” and “supplier”. 

.037 
 

The perception on the relevance of further planning of delay with 
AI adoption is same between the group of “contractor” and 
“supplier”. 

.002 
 

The perception on the relevance of process of contract and 
invoices with AI adoption is same between the group of 
“contractor” and “specialist”. 

.004 
 

The perception on the relevance of further planning of delay with 
AI adoption is same between the group of “contractor” and 
“specialist”. 

.001 
 
 

The perception on the relevance of further planning of delay with 
AI adoption is same between the group of “sub-contractor” and 
“supplier”. 

.015 
 
 

The perception on the relevance of planning and management of 
loading and unloading zone with AI adoption is same between 
the group of “supplier” and “specialist”. 

.022 
 

The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of 
“assistant” and “manager or project manager”. 

.005 
 

The perception on the relevance of monitoring health and safety 
of workers with AI adoption is same between the group of 
“assistant” and “manager or project manager”. 

.006 
 
 

The perception on the relevance of process of contract and 
invoices with AI adoption is same between the group of 
“assistant” and “deputy director or director”. 

.016 
 

The perception on the relevance of delivery and traffic 
management with AI adoption is same between the group of 
“assistant” and “deputy director or director”. 

.045 
 
 

The perception on the relevance of planning and management of 
loading and unloading zone with AI adoption is same between 
the group of “assistant” and “deputy director or director”. 

.037 
 

The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of 
“assistant” and “deputy director or director”. 

.000 
 

The perception on the relevance of monitoring health and safety 
of workers with AI adoption is same between the group of 
“assistant” and “deputy director or director”. 

.008 
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The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of 
“executive” and “manager or project manager”. 

.041 
 

The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of 
“executive” and “deputy director or director”. 

.003 
 

The perception on the relevance of further planning of delay with 
AI adoption is same between the group of “executive” and 
“deputy director or director”. 

.002 
 

The perception on the relevance of delivery and traffic 
management with AI adoption is same between the group of 
“manager or project manager” and “deputy director or director”. 

.024 
 

The perception on the relevance of process of contract and 
invoices with AI adoption is same between the group of “less 
than 2 years” and “3 to 5 years” working experience. 

.035 
 

The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of “less 
than 2 years” and “6 to 10 years” working experience. 

.032 
 

The perception on the relevance of process of contract and 
invoices with AI adoption is same between the group of “less 
than 2 years” and “more than 10 years” working experience. 

.022 
 

The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of “less 
than 2 years” and “more than 10 years” working experience. 

.007 
 

The perception on the relevance of monitoring health and safety 
of workers with AI adoption is same between the group of “less 
than 2 years” and “more than 10 years” working experience. 

.002 
 

The perception on the relevance of unloading and loading of 
material with AI adoption is same between the group of “3 to 5 
years” and “more than 10 years” working experience. 

.029 
 

The perception on the relevance of monitoring health and safety 
of workers with AI adoption is same between the group of “3 to 
5 years” and “more than 10 years” working experience. 

.011 
 

The perception on the relevance of further planning of delay with 
AI adoption is same between the group of “3 to 5 years” and 
“more than 10 years” working experience. 

.002 
 

The perception on the relevance of further planning of delay with 
AI adoption is same between the group of “6 to 10 years” and 
“more than 10 years” working experience. 

.023 
 

 

From the above significant test by using Mann-Whitney Test, the following 

pairs of respondents which are statistically significant different in perception 

towards the relevance of construction logistics activities to AI adoptions. 

 

 

Table 4.7 (Continued) 
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i)  The group of supplier perceived  

a) higher relevance of process of contract and invoices (mean rank = 36.33) 

with AI adoption than the group of contractor (mean rank = 27.53). 

b) higher relevance of planning and management of loading and unloading 

zone (mean rank = 36.92) with AI adoption than the group of contractor 

(mean rank = 27.53). 

c) higher relevance of unloading and loading of materials (mean rank = 

36.55) with AI adoption than the group of contractor (mean rank = 

27.86). 

d) higher relevance of further planning after prediction of delay (mean rank 

= 38.82) with AI adoption than the group of contractor (mean rank = 

25.8). 

e) higher relevance of further planning after prediction of delay (mean rank 

= 35.43) with AI adoption than the group of sub-contractor (mean rank 

= 25.57). 

f) higher relevance of planning and management of loading and unloading 

zone (mean rank = 35.33) with AI adoption than the group of specialist 

(mean rank = 25.67). 

 

(ii) The group of specialist perceived  

a) higher relevance of process of contract and invoices (mean rank = 36.08) 

with AI adoption than the group of contractor (mean rank = 28.29). 

b) higher relevance of further planning after prediction of delay (mean rank 

= 39.55) with AI adoption than the group of contractor (mean rank = 

25.88).  

 

(iii) The group of assistant perceived  

a) higher relevance of monitoring health and safety of workers (mean rank 

= 45.31) with AI adoption than the group of manager and project 

manager (mean rank = 32.18). 

b) higher relevance of delivery and traffic management (mean rank = 38.58) 

with AI adoption than the group of deputy director of director (mean 

rank = 29.63). 



81 
 

 

(iv) The group of manager or project manager perceived  

a) higher relevance of unloading and loading of materials (mean rank = 

45.21) with AI adoption than the group of assistant (mean rank = 32.38). 

b) higher relevance of monitoring health and safety of workers (mean rank 

= 45.31) with AI adoption than the group of assistant (mean rank = 

32.18). 

c) higher relevance of unloading and loading of material (mean rank = 

47.35) with AI adoption than the group of executive (mean rank = 40.15). 

d) higher relevance of delivery and traffic management (mean rank = 40.48) 

with AI adoption than the group of deputy director of director (mean 

rank = 30.23). 

 

(v) The group of deputy director or director perceived  

a) higher relevance of process of contract and invoices (mean rank = 39.77) 

with AI adoption than the group of assistant (mean rank = 30.08). 

b) higher relevance of planning and management of loading and unloading 

zone (mean rank = 39.53) with AI adoption than the group of assistant 

(mean rank = 30.28). 

c) higher relevance of unloading and loading of material (mean rank = 

43.16) with AI adoption than the group of assistant (mean rank = 27.24). 

d) higher relevance of monitoring health and safety of workers (mean rank 

= 40.97) with AI adoption than the group of assistant (mean rank = 

29.08). 

e) higher relevance of unloading and loading of material (mean rank = 

47.27) with AI adoption than the group of executive (mean rank = 33.42). 

f) higher relevance of further planning after prediction of delay (mean rank 

= 47.87) with AI adoption than the group of executive (mean rank = 

33.02). 
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(vi)  The group with 3 to 5 years working experience perceived  

a) higher relevance of process of contract and invoices (mean rank = 46.61) 

with AI adoption than the group with less than 2 years working 

experience (mean rank = 36.78).  

 

(vii) The group with 6 to 10 years working experience perceived  

a) higher relevance of unloading and loading of material (mean rank = 39.80) 

with AI adoption than the group with less than 2 years working experience 

(mean rank = 30.32). 

 

(viii) The group with more than 10 years working experience perceived  

a) higher relevance of process of contract and invoices (mean rank = 44.9) 

with AI adoption than the group with less than 2 years working experience 

(mean rank = 34.71). 

b) higher relevance of unloading and loading of material (mean rank = 46.16) 

with AI adoption than the group with less than 2 years working 

experience (mean rank = 33.36). 

c) higher relevance of monitoring health and safety of workers (mean rank = 

47.11) with AI adoption than the group with less than 2 years working 

experience (mean rank = 32.33). 

d) higher relevance of unloading and loading of material (mean rank = 49.02) 

with AI adoption than the group with 3 to 5 years working experience 

(mean rank = 38.47). 

e) higher relevance of monitoring health and safety of workers (mean rank = 

50.05) with AI adoption than the group with 3 to 5 years working 

experience (mean rank = 37.53). 

f) higher relevance of further planning after prediction of delay (mean rank 

= 51.41) with AI adoption than the group with 3 to 5 years working 

experience (mean rank = 36.29). 

g) higher relevance of further planning after prediction of delay (mean rank 

= 40.10) with AI adoption than the group with 6 to 10 years working 

experience (mean rank = 30.40). 
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4.7 Agreements towards Statement Related to the Functions of each 

AI Adoptions in Construction Logistics 

Table 4.8 shows the results of the extent of agreements towards statements 

related to the functions of each AI adoptions in construction logistics. The table 

shows the median, the frequency of median and their ranking.
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Table 4.8: Ranking on Agreements Towards Statements Related to The Functions of Each AI Adoptions in Construction Logistics (N = 154) 

Statements Median Frequency of Median Rank 

AGV is useful for repetitive transportation works in warehouse. 5.000 102 1 
AI-based drone is useful for producing a detailed map of construction sites. 5.000 98 2 
AI-back office is useful for detecting fraud by logistics service providers, classifying contractual 
clauses, managing and keeping all delivery information precisely. 

4.000 101 3 

AI-powered jobsite camera is useful for ensuring site security, workers' safety and analysing the 
flow of materials on site. 

4.000 94 4 

Autonomous truck is useful for repetitive delivery in factories, logistics centre or ports with 
high preciseness. 

4.000 92 5 

UAV and UGV are useful for tracking the inventories. 4.000 76 6 
Predictive analytics is useful for reducing the uncertainty in logistics activities. 4.000 67 7 
AI developer kits is useful for making AI robotics applications becomes more easier by making 
existing equipment autonomous. 

4.000 62 8 

Smart construction lift is useful to lift materials by determining running zones themselves 
efficiently. 

3.000 80 9 

Unmanned tower crane is useful to lift materials by voice recognition. 3.000 60 10 
  Remark: 1: Strongly Disagree, 2: Slight Disagree, 3: Moderately, 4: Slightly Agree, 5: Strongly Agree 
 



85 
 

Based on Table 4.8 above, majority of the respondents strongly agreed 

on “AGV is useful for repetitive transportation works in warehouse sites”. The 

second highest strongly agreed statement is “AI-based drone is useful for 

producing a detailed map of construction”. Moreover, there are 101 respondents 

slightly agreed “AI-back office is useful for detecting fraud by logistics service 

providers, classifying contractual clauses, managing and keeping all delivery 

information precisely”. The rest AI adoptions’ functions are only slightly agreed 

by respondents when more than 50% of respondents only moderately agreed on 

“Smart construction lift is useful to lift materials by determining running zones 

themselves efficiently”. There are 50 respondents only moderately agreed on 

“Unmanned tower crane is useful to lift materials by voice recognition”. 

Table 4.9 shows the rejected null hypothesis related to extent of 

agreements towards statements related to the functions of each AI adoptions in 

construction logistics by conducting the Mann-Whitney test to compare 

different perception between different groups of respondents. 

 

Table 4.9: Rejected Null Hypothesis for Agreements Towards Statements 

Related to The Functions of Each AI Adoptions in Construction Logistics 

Rejected Null Hypothesis Sig. 
The agreements towards statements related to the functions of 
AGV is same between the group of “contractor” and 
“subcontractor”. 

.001 
 
 

The agreements towards statements related to the functions of 
AGV is same between the group of “contractor” and “supplier”. 

.000 
 

The agreements towards statements related to the functions of 
smart construction lift is same between the group of “contractor” 
and “supplier”. 

.010 
 

The agreements towards statements related to the functions of 
AGV is same between the group of “contractor” and “specialist”. 

.001 
 

The agreements towards statements related to the functions of 
AGV is same between the group of “contractor” and “logistics”. 

.000 
 

The agreements towards statements related to the functions of 
AI developer kits is same between the group of “contractor” and 
“logistics”. 

.022 
 

The agreements towards statements related to the functions of 
smart construction lift is same between the group of 
“subcontractor” and “supplier”. 

.018 
 

The agreements towards statements related to the functions of 
AI-powered jobsite cameras is same between the group of 
“subcontractor” and “supplier”. 

.011 
 



86 
 

The agreements towards statements related to the functions of 
predictive analytics is same between the group of 
“subcontractor” and “logistics”. 

.038 
 

The agreements towards statements related to the functions of 
AI developer kits is same between the group of “subcontractor” 
and “logistics”. 

.018 
 

The agreements towards statements related to the functions of 
AI developer kits is same between the group of “supplier” and 
“specialist”. 

.036 
 

The agreements towards statements related to the functions of 
autonomous vehicles is same between the group of “supplier” 
and “logistics”. 

.029 
 

The agreements towards statements related to the functions of 
autonomous vehicles is same between the group of “specialist” 
and “logistics”. 

.046 
 

The agreements towards statements related to the functions of 
AI developer kits is same between the group of “specialist” and 
“logistics”. 

.003 
 

The agreements towards statements related to the functions of 
AI-powered jobsite cameras is same between the group of 
“assistant” and “executive”. 

.044 
 

The agreements towards statements related to the functions of 
UAV and UGV is same between the group of “assistant” and 
“deputy director or director”. 

.001 
 

The agreements towards statements related to the functions of 
AI-powered jobsite cameras is same between the group of 
“assistant” and “deputy director or director”. 

.005 
 

The agreements towards statements related to the functions of 
AI-back office is same between the group of “assistant” and 
“deputy director or director”. 

.032 
 

The agreements towards statements related to the functions of 
smart construction lift is same between the group of “executive” 
and “manger or project manager”. 

.032 
 

The agreements towards statements related to the functions of 
UAV and UGV is same between the group of “executive” and 
“deputy director or director”. 

.023 
 

The agreements towards statements related to the functions of 
unmanned crane tower is same between the group of “executive” 
and “deputy director or director”. 

.005 
 

The agreements towards statements related to the functions of 
unmanned crane tower is same between the group of “manager 
or project manager” and “deputy director or director”. 

.023 
 

The agreements towards statements related to the functions of 
UAV and UGV is same between the group of “less than 2 years” 
and “6 to 10 years” working experience. 

.034 
 

The agreements towards statements related to the functions of 
UAV and UGV is same between the group of “less than 2 years” 
and “more than 10 years” working experience. 

.009 
 

Table 4.9 (Continued) 
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The agreements towards statements related to the functions of 
unmanned crane tower is same between the group of “less than 
2 years” and “more than 10 years” working experience. 

.007 
 

The agreements towards statements related to the functions of 
smart construction lift is same between the group of “less than 2 
years” and “more than 10 years” working experience. 

.040 
 

The agreements towards statements related to the functions of 
unmanned crane tower is same between the group of “3 to 5 
years” and “more than 10 years” working experience. 

.000 
 

The agreements towards statements related to the functions of 
smart construction lift is same between the group of “3 to 5 
years” and “more than 10 years” working experience. 

.010 
 

The agreements towards statements related to the functions of 
AGV is same between the group of “6 to 10 years” and “more 
than 10 years” working experience. 

.034 
 

The agreements towards statements related to the functions of 
unmanned crane tower is same between the group of “6 to 10 
years” and “more than 10 years” working experience. 

.001 
 

The agreements towards statements related to the functions of 
predictive analytics is same between the group of “6 to 10 years” 
and “more than 10 years” working experience. 

.010 
 

 

From the above significant test by using Mann-Whitney Test, the following 

pairs of respondents which are statistically significant different in extent of 

agreements towards statements related to the functions of each AI adoptions in 

construction logistics. 

 

i) The group of contractor agreed 

a) more towards “Smart construction lift is useful to lift materials by 

determining running zones themselves efficiently” (mean rank = 37.06) 

than the group of supplier (mean rank = 26.43).  

b) more towards “AI developer kits is useful for making AI robotics 

applications becomes more easier by making existing equipment 

autonomous” (mean rank = 37.23) than the group of logistics (mean 

rank = 27.47).  

 

 

 

 

Table 4.9 (Continued) 
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ii) The group of subcontractor agreed 

a) more towards “AGV is useful for repetitive transportation works in 

warehouse” (mean rank = 39.30) than the group of contractor (mean 

rank = 25.36).  

b) more towards “Smart construction lift is useful to lift materials by 

determining running zones themselves efficiently” (mean rank = 35.23) 

than the group of supplier (mean rank = 25.77).  

c) more towards “AI developer kits is useful for making AI robotics 

applications becomes more easier by making existing equipment 

autonomous” (mean rank = 36.02) than the group of logistics (mean 

rank = 26.15).  

 

iii) The group of supplier agreed 

a) more towards “AGV is useful for repetitive transportation works in 

warehouse” (mean rank = 40.87) than the group of contractor (mean 

rank = 23.94).  

b) more towards “AI-powered jobsite camera is useful for ensuring site 

security, workers' safety and analysing the flow of materials on site” 

(mean rank = 35.38) than the group of subcontractor (mean rank = 

25.62).  

c) more towards “Autonomous truck is useful for repetitive delivery in 

factories, logistics centre or ports with high preciseness” (mean rank = 

35.18) than the group of logistics (mean rank = 26.95).  

 

iv) The group of specialist agreed 

a) more towards “AGV is useful for repetitive transportation works in 

warehouse” (mean rank = 39.57) than the group of contractor (mean 

rank = 25.12).  

b) more towards “AI developer kits is useful for making AI robotics 

applications becomes more easier by making existing equipment 

autonomous” (mean rank = 34.90) than the group of supplier (mean 

rank = 26.10).  
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c) more towards “Autonomous truck is useful for repetitive delivery in 

factories, logistics centre or ports with high preciseness” (mean rank = 

34.93) than the group of logistics (mean rank = 27.19).  

d) more towards “AI developer kits is useful for making AI robotics 

applications becomes more easier by making existing equipment 

autonomous” (mean rank = 37.20) than the group of logistics (mean 

rank = 25.00).  

 

v) The group of logistics agreed 

a) more towards “AGV is useful for repetitive transportation works in 

warehouse” (mean rank = 42.21) than the group of contractor (mean 

rank = 23.38).  

b) more towards “Predictive analytics is useful for reducing the 

uncertainty in logistics activities” (mean rank = 35.23) than the group 

of contractor (mean rank = 26.63).  

 

vi)  The group of assistant agreed 

a) more towards “AI-powered jobsite camera is useful for ensuring site 

security, workers' safety and analysing the flow of materials on site” 

(mean rank = 47.12) than the group of executive (mean rank = 37.88).  

b) more towards “UAV and UGV are useful for tracking the inventories” 

(mean rank = 41.12) than the group of deputy director or director (mean 

rank = 26.60).  

c) more towards “AI-powered jobsite camera is useful for ensuring site 

security, workers' safety and analysing the flow of materials on site” 

(mean rank = 39.78) than the group of deputy director or director (mean 

rank = 28.19).  

d) more towards “AI-back office is useful for detecting fraud by logistics 

service providers, classifying contractual clauses, managing and 

keeping all delivery information precisely” (mean rank = 38.54) than 

the group of deputy director or director (mean rank = 29.68).  
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vii) The group of executive agreed 

a) more towards “Smart construction lift is useful to lift materials by 

determining running zones themselves efficiently” (mean rank = 48.43) 

than the group of manager or project manager (mean rank = 37.83).  

b) more towards “UAV and UGV are useful for tracking the inventories” 

(mean rank = 43.17) than the group of deputy director or director (mean 

rank = 32.81).  

c) more towards “Unmanned tower crane is useful to lift materials by voice 

recognition” (mean rank = 44.66) than the group of deputy director or 

director (mean rank = 30.60).  

 

viii) The group of manager or project manager agreed 

a)  more towards “Unmanned tower crane is useful to lift materials by voice 

recognition” (mean rank = 40.60) than the group of deputy director or 

director (mean rank = 30.06).  

 

ix) The group with less than 2 years working experience agreed 

a) more towards “UAV and UGV are useful for tracking the inventories” 

(mean rank = 38.64) than the group with 6 to 10 years working 

experience (mean rank = 29.25).  

b) more towards “UAV and UGV are useful for tracking the inventories” 

(mean rank = 46.26) than the group with more than 10 years working 

experience (mean rank = 34.20).  

c) more towards “Unmanned tower crane is useful to lift materials by voice 

recognition” (mean rank = 46.87) than the group with more than 10 years 

working experience (mean rank = 33.63).  

d) more towards “Smart construction lift is useful to lift materials by 

determining running zones themselves efficiently” (mean rank = 44.87) 

than the group more than 10 years working experience (mean rank = 

35.49).  
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x) The group with 3 to 5 years working experience agreed 

a) more towards “Unmanned tower crane is useful to lift materials by voice 

recognition” (mean rank = 52.69) than the group with more than 10 years 

working experience (mean rank = 33.41).  

b) more towards “Smart construction lift is useful to lift materials by 

determining running zones themselves efficiently” (mean rank = 49.42) 

than the group with more than 10 years working experience (mean rank 

= 37.00). 

 

xi) The group with 6 to 10 years working experience agreed 

a) more towards “Unmanned tower crane is useful to lift materials by voice 

recognition” (mean rank = 44.73) than the group with more than 10 years 

working experience (mean rank = 29.61).  

 

xii) The group with more than 10 years working experience agreed 

a) more towards “AGV is useful for repetitive transportation works in 

warehouse” (mean rank = 39.80) than the group with 6 to 10 years 

working experience (mean rank = 30.80).  

b) more towards “Predictive analytics is useful for reducing the 

uncertainty in logistics activities” (mean rank = 40.94) than the group 

with 6 to 10 years working experience (mean rank = 29.25).  

 

4.8 Perception towards the Organisation’s Plan for AI Adoption in 

Different Construction Logistics Activities  

Table 4.10 shows the results of the extent of perception organisation’s plan for 

AI adoption in different construction logistics activities. The table shows the 

median, the frequency of median and their ranking.
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Table 4.10: Ranking on Perception towards the Organisation’s Plan for AI 

Adoption in Different Construction Logistics Activities (N = 154) 

Construction logistics activities Median Frequency 
of Median 

Rank 

Process of contracts and invoices 4.000 105 1 
On-site and off-site warehousing 4.000 95 2 
Further planning after prediction of delay 4.000 80 3 
Monitoring health and safety of site workers 3.000 65 4 
Planning and management of unloading and 
loading zones 

3.000 37 5 

Delivery and traffic management 2.000 63 6 
Unloading and loading of materials 2.000 50 7 

Remark: 1: Not plan at all, 2: Expect to use in future if able,  
3: Expect to use in 5 years, 4: Expect to use in 3 years, 5: Using now 
 

Based on Table 4.10 above, there are 105 respondents perceived their 

organisations are planning to adopt AI in process of contracts and invoices in 

the next 3 years. Moreover, AI in on-site and off-site warehousing are perceived 

to be adopted in 3 years by organisations of 95 respondents. Organisations of 

80 respondents are perceived they will have AI application in further planning 

and prediction of delay in the future of 3 years. Furthermore, there are less than 

50% of the respondents perceived their organisations will adopt AI in 

monitoring health and safety on site as well as planning and management of 

unloading and loading zones in the next 5 years. Lastly, there are 63 respondents, 

and 50 respondents perceived their organisations will only consider adopting AI 

in delivery and traffic management as well as unloading and loading of materials 

respectively in the future if able to have sufficient resources in terms of 

investment and technology. 

The rejected null hypothesis related to perception on organisation’s plan 

for AI adoption in different construction logistics activities are shown in Table 

4.11 by conducting the Mann-Whitney test to compare different perception 

between different groups of respondents.
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Table 4.11: Rejected Null Hypothesis for Perception towards the Organisation’s 

Plan for AI Adoption in Different Construction Logistics Activities 

Rejected Null Hypothesis Sig. 
The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group of 
“contractor” and “subcontractor”. 

.006 
 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group of 
“contractor” and “subcontractor”. 

.007 
 

 
The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group of “contractor” and “subcontractor”. 

.007 
 

The perception on the organisation’s plan for AI adoption in 
unloading and loading of materials is same between the group of 
“contractor” and “subcontractor”. 

.014 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group of 
“contractor” and “supplier”. 

.002 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group of 
“contractor” and “supplier”. 

.044 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group of “contractor” and “supplier”. 

.033 
 

The perception on the organisation’s plan for AI adoption in 
further planning after prediction of delay is same between the 
group of “contractor” and “supplier”. 

.009 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group of 
“contractor” and “specialist”. 

.000 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group of 
“contractor” and “specialist”. 

.013 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group of 
“contractor” and “logistics”. 

.000 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group of 
“contractor” and “logistics”. 

.000 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group of 
“contractor” and “logistics”. 

.096 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group of “contractor” and “logistics”. 

.003 
 

The perception on the organisation’s plan for AI adoption in 
unloading and loading of materials is same between the group of 
“contractor” and “logistics”. 

.029 
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The perception on the organisation’s plan for AI adoption in 
further planning after prediction of delay is same between the 
group of “contractor” and “logistics”. 

.019 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group of 
“subcontractor” and “supplier”. 

.068 
 

The perception on the organisation’s plan for AI adoption in 
further planning after prediction of delay is same between the 
group of “subcontractor” and “supplier”. 

.037 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group of “sub-
contractor” and “logistics”. 

.036 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group of 
“supplier” and “logistics”. 

.076 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group of 
“assistant” and “manager or project manager”. 

.033 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group of “assistant” and “manager or project 
manager”. 

.006 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group of 
“assistant” and “deputy director or director”. 

.091 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group of 
“assistant” and “deputy director or director”. 

.015 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group of “assistant” and “deputy director or 
director”. 

.006 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group of 
“executive” and “deputy director or director”. 

.024 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group of 
“executive” and “deputy director or director”. 

.035 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group with 
“less than 2 years” and “6 to 10 years” working experience. 

.021 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group with “less than 2 years” and “6 to 10 
years” working experience. 

.004 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group with 
“less than 2 years” and “more than 10 years” working 
experience. 

.023 
 

Table 4.11 (Continued) 



95 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group with 
“less than 2 years” and “more than 10 years” working 
experience. 

.002 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group with “less than 2 years” and “more than 
10 years” working experience. 

.004 
 

The perception on the organisation’s plan for AI adoption in 
loading and unloading of material is same between the group 
with “less than 2 years” and “more than 10 years” working 
experience. 

.028 
 

The perception on the organisation’s plan for AI adoption in 
planning and management of loading and unloading zone is 
same between the group with “3 to 5 years” and “6 to 10 years” 
working experience. 

.042 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group with 
“3 to 5 years” and “more than 10 years” working experience. 

.027 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group with “3 
to 5 years” and “more than 10 years” working experience. 

.007 
 

The perception on the organisation’s plan for AI adoption in 
delivery and traffic management is same between the group with 
“3 to 5 years” and “more than 10 years” working experience. 

.025 
 

The perception on the organisation’s plan for AI adoption in 
process of contract and invoices is same between the group with 
“6 to 10 years” and “more than 10 years” working experience. 

.090 
 

The perception on the organisation’s plan for AI adoption in on-
site and off-site warehousing is same between the group with “6 
to 10 years” and “more than 10 years” working experience. 

.002 
 

 

From the above significant test by using Mann-Whitney Test, the following 

pairs of respondents which are statistically significant different in the perception 

on organisation’s plan for AI adoption in different construction logistics 

activities. 

 

i) The group of contractor perceived  

a) higher AI adoption in delivery and traffic management (mean rank = 

36.64) in their organisation’s plan than the group of sub-contractor 

(mean rank = 26.90).  

Table 4.11 (Continued) 
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b) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 37.76) in their organisation’s plan than the 

group of sub-contractor (mean rank = 25.67).  

c) higher AI adoption in unloading and loading of material (mean rank = 

37.23) in their organisation’s plan than the group of sub-contractor 

(mean rank = 26.25).  

d) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 36.41) in their organisation’s plan than the 

group of supplier (mean rank = 27.15).  

e) higher AI adoption in delivery and traffic management (mean rank = 

35.97) in their organisation’s plan than the group of contractor (mean 

rank = 28.81).  

f) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 38.89) in their organisation’s plan than the 

group of logistics (mean rank = 25.69).  

g) higher AI adoption in unloading and loading of material (mean rank = 

37.24) in their organisation’s plan than the group of logistics (mean rank 

= 27.45).  

 

ii) The group of sub-contractor perceived  

a) higher AI adoption in process of contract and invoices (mean rank = 

37.93) in their organisation’s plan than the group of contractor (mean 

rank = 26.61).  

 

iii) The group of supplier perceived  

a) higher AI adoption in process of contract and invoices (mean rank = 

38.83) in their organisation’s plan than the group of contractor (mean 

rank = 25.79).  

b) higher AI adoption in on-site and off-site warehousing (mean rank = 

36.42) in their organisation’s plan than the group of contractor (mean 

rank = 27.98).  
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c) higher AI adoption in future planning after prediction of delay (mean 

rank = 37.87) in their organisation’s plan than the group of contractor 

(mean rank = 26.67).  

d) higher AI adoption in delivery and traffic management (mean rank = 

34.33) in their organisation’s plan than the group of subcontractor (mean 

rank = 26.67).  

e) higher AI adoption in future planning after prediction of delay (mean 

rank = 33.30) in their organisation’s plan than the group of subcontractor 

(mean rank = 27.70).  

 

iv) The group of specialist perceived  

a) higher AI adoption in process of contract and invoices (mean rank = 

39.60) in their organisation’s plan than the group of contractor (mean 

rank = 25.09).  

b) higher AI adoption in on-site and off-site warehousing (mean rank = 

37.47) in their organisation’s plan than the group of contractor (mean 

rank = 27.03).  

 

v) The group of logistics perceived  

a) higher AI adoption in process of contract and invoices (mean rank = 

40.81) in their organisation’s plan than the group of contractor (mean 

rank = 24.70).  

b) higher AI adoption in on-site and off-site warehousing (mean rank = 

40.31) in their organisation’s plan than the group of contractor (mean 

rank = 25.17).  

c) higher AI adoption in future planning after prediction of delay (mean 

rank = 37.85) in their organisation’s plan than the group of contractor 

(mean rank = 27.47).  

d) higher AI adoption in on-site and off-site warehousing (mean rank = 

34.95) in their organisation’s plan than the group of subcontractor 

(mean rank = 26.92).  
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e) higher AI adoption in on-site and off-site warehousing (mean rank = 

34.13) in their organisation’s plan than the group of supplier (mean rank 

= 27.77).  

 

vi) The group of assistant perceived  

a) higher AI adoption in delivery and traffic management (mean rank = 

44.32) in their organisation’s plan than the group of manager or project 

manager (mean rank = 34.08).  

b) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 45.97) in their organisation’s plan than the 

group of manager or project manager (mean rank = 32.55).  

c) higher AI adoption in delivery and traffic management (mean rank = 

39.53) in their organisation’s plan than the group of deputy director or 

director (mean rank = 28.50).  

d) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 40.16) in their organisation’s plan than the 

group of deputy director or director (mean rank = 27.74).  

 

vii) The group of deputy director or director perceived  

a) higher AI adoption in process of contract and invoices (mean rank = 

37.71) in their organisation’s plan than the group of assistant (mean 

rank = 31.81).  

b) higher AI adoption in on-site and off-site warehousing (mean rank = 

44.68) in their organisation’s plan than the group of executive (mean 

rank =35.17). 

 

viii) The group with less than 2 years working experience perceived  

a) higher AI adoption in delivery and traffic management (mean rank = 

39.16) in their organisation’s plan than the group with 6 to 10 years 

working experience (mean rank = 28.60).  

b) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 40.36) in their organisation’s plan than 

the group with 6 to 10 years working experience (mean rank = 27.08). 
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c) higher AI adoption in delivery and traffic management (mean rank = 

47.84) in their organisation’s plan than the group with more than 10 

years working experience (mean rank = 32.73). 

d) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 47.26) in their organisation’s plan than 

the group with more than 10 years working experience (mean rank = 

33.27). 

e) higher AI adoption in loading and unloading of material (mean rank = 

45.63) in their organisation’s plan than the group with more than 10 

years working experience (mean rank = 34.78). 

 

ix) The group with 3 to 5 years working experience perceived  

a) higher AI adoption in planning and management of loading and 

unloading zone (mean rank = 41.98) in their organisation’s plan than the 

group with 6 to 10 years working experience (mean rank = 32.03). 

b) higher AI adoption in delivery and traffic management (mean rank = 

48.86) in their organisation’s plan than the group with more than 10 

years working experience (mean rank = 37.62). 

 

x) The group with more than 10 years working experience perceived   

a) higher AI adoption in on-site and off-site warehousing (mean rank = 

44.67) in their organisation’s plan than the group with less than 2 years 

working experience (mean rank =34.96). 

b) higher AI adoption in process of contract and invoices (mean rank = 

48.54) in their organisation’s plan than the group with 3 to 5 years 

working experience (mean rank = 38.91).  

c) higher AI adoption in on-site and off-site warehousing (mean rank = 

50.07) in their organisation’s plan than the group with 3 to 5 years 

working experience (mean rank =37.51). 

d) higher AI adoption in process of contract and invoices (mean rank = 

38.95) in their organisation’s plan than the group with 6 to 10 years 

working experience (mean rank = 31.97).  
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e) higher AI adoption in on-site and off-site warehousing (mean rank = 

41.84) in their organisation’s plan than the group with 6 to 10 years 

working experience (mean rank =28.02). 

 

4.9 Perception towards the Organisation’s Plan with Different AI 

Adoptions in Construction Logistics 

Table 4.12 shows the results of the perception towards the organisation’s plan 

with different AI adoption in construction logistics. The table also shows the 

median, the frequency of median and its ranking, 

 

Table 4.12: Ranking on perception towards the organisation’s plan with 

different AI adoptions in construction logistics (N = 154) 

AI adoptions in construction 

logistics activities 

Median Frequency 

of Median 

Rank 

UAV and UGV  4.000 104 1 

AGV  4.000 103 2 

Predictive analytics  4.000 88 3 

AI-based drone  4.000 78 4 

AI-powered jobsite camera  3.000 66 5 

AI-back office  3.000 55 6 

Smart construction lift  2.000 42 7 

Autonomous truck  2.000 61 8 

Unmanned tower crane  2.000 48 9 

AI developer kits  2.000 30 10 

Remark: 1: Not plan at all, 2: Expect to use in future if able,  
3: Expect to use in 5 years, 4: Expect to use in 3 years, 5: Using now 
 

Based on Table 4.12, majority of the respondents perceived their 

organisations are planning to have UAV and UGV, AGV, predictive analytics 

and AI-based drones in the next 3 years. There are 55 respondents, and 42 

respondents perceived their organisations will adopt AI-powered jobsite camera 

and AI-back office in the next 5 years respectively. The rest of AI adoptions 

such as smart construction lift, autonomous truck, unmanned tower crane and 

AI developer kits are perceived by some of the respondents that their 
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organisations will adopt these AI application in the future if able to obtain 

sufficient resources in terms of technology and investments. 

Table 4.13 shows the rejected null hypothesis related to perception 

organisation’s plan for AI adoption in different construction logistics activities 

by conducting the Mann-Whitney test to compare different perception between 

different groups of respondents. 
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Table 4.13: Rejected Null Hypothesis for Perception Towards the 

Organisation’s Plan with Different AI Adoptions in Construction Logistics 

Rejected Null Hypothesis Sig. 
The perception on the organisation’s plan for adoption of AGV 
is same between the group of “contractor” and “subcontractor”. 

.010 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “contractor” and 
“subcontractor”. 

.009 
 

The perception on the organisation’s plan for adoption of 
autonomous vehicles is same between the group of “contractor” 
and “subcontractor”. 

.062 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “contractor” and 
“subcontractor”. 

.018 
 

The perception on the organisation’s plan for adoption of 
predictive analytics same between the group of “contractor” and 
“subcontractor”. 

.015 
 

The perception on the organisation’s plan for adoption of AGV 
is same between the group of “contractor” and “supplier”. 

.000 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “contractor” and 
“supplier”. 

.000 
 

The perception on the organisation’s plan for adoption of 
autonomous vehicles is same between the group of “contractor” 
and “supplier”. 

.074 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group of 
“contractor” and “supplier”. 

.001 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “contractor” and 
“supplier”. 

.001 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group of 
“contractor” and “supplier”. 

.010 
 

The perception on the organisation’s plan for adoption of AI-
back office is same between the group of “contractor” and 
“supplier”. 

.017 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group of “contractor” 
and “supplier”. 

.000 
 

The perception on the organisation’s plan for adoption of AGV 
is same between the group of “contractor” and “specialist”. 

.010 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “contractor” and 
“specialist”. 

.025 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group of 
“contractor” and “specialist”. 

.015 
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The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “contractor” and 
“specialist”. 

.022 
 

The perception on the organisation’s plan for adoption of AI-
back office is same between the group of “contractor” and 
“specialist”. 

.080 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group of “contractor” 
and “specialist”. 

.008 
 

The perception on the organisation’s plan for adoption of AGV 
is same between the group of “contractor” and “logistics”. 

.000 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “contractor” and 
“logistics”. 

.006 
 

The perception on the organisation’s plan for adoption of 
autonomous vehicles is same between the group of “contractor” 
and “logistics”. 

.041 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group of 
“contractor” and “logistics”. 

.000 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “contractor” and 
“logistics”. 

.000 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group of 
“contractor” and “logistics”. 

.001 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group of “contractor” 
and “logistics”. 

.004 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group of 
“subcontractor” and “supplier”. 

.033 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “subcontractor” 
and “logistics”. 

.019 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group of 
“subcontractor” and “logistics”. 

.020 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “specialist” and 
“logistics”. 

.019 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group of 
“specialist” and “logistics”. 

.048 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “assistant” and 
“executive”. 

.048 
 

Table 4.13 (Continued) 
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The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “assistant” and “manager 
or project manager”. 
 

.006 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group of “assistant” 
and “manager or project manager”. 

.013 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “assistant” and 
“manager or project manager”. 

.001 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group of 
“assistant” and “manager or project manager”. 

.003 
 

The perception on the organisation’s plan for adoption of AI-
based drone is same between the group of “assistant” and 
“manager or project manager”. 

.003 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group of “assistant” and “deputy 
director or director”. 

.026 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “assistant” and 
“deputy director or director”. 

.009 
 

The perception on the organisation’s plan for adoption of 
predictive analytics same between the group of “assistant” and 
“deputy director or director”. 

.025 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group of “executive” 
and “manager or project manager”. 

.008 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “executive” and 
“manager or project manager”. 

.001 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group of 
“executive” and “manager or project manager”. 

.005 
 

The perception on the organisation’s plan for adoption of AI-
based drone is same between the group of “executive” and 
“manager or project manager”. 

.006 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group of “executive” and 
“deputy director or director”. 

.016 
 

The perception on the organisation’s plan for adoption of AI-
based drone is same between the group of “executive” and 
“deputy director or director”. 

.036 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group of “executive” 
and “deputy director or director”. 

.002 
 

The perception on the organisation’s plan for adoption of AI-
based drone is same between the group of “manager or project 
manager” and “deputy director or director”. 

.000 
 

Table 4.13 (Continued) 
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The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group of “manager or 
project manager” and “deputy director or director”. 

.039 
 

The perception on the organisation’s plan for adoption of AGV 
is same between the group with “less than 2 years” and “more 
than 10 years” working experience. 

.016 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group with “less than 2 years” and 
“more than 10 years” working experience. 

.000 
 

The perception on the organisation’s plan for adoption of 
unmanned tower crane is same between the group with “less than 
2 years” and “more than 10 years” working experience. 

.000 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group with “less than 2 
years” and “more than 10 years” working experience. 

.000 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group with “less 
than 2 years” and “more than 10 years” working experience. 

.001 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group with “less than 2 
years” and “more than 10 years” working experience. 

.080 
 

The perception on the organisation’s plan for adoption of AI 
developer kits is same between the group with “less than 2 years” 
and “more than 10 years” working experience. 

.011 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group with “3 to 5 years” 
and “6 to 10 years” working experience. 

.032 
 

The perception on the organisation’s plan for adoption of AGV 
is same between the group with “3 to 5 years” and “more than 
10 years” working experience. 

.009 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group with “3 to 5 years” and 
“more than 10 years” working experience. 

.007 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group with “3 to 5 
years” and “more than 10 years” working experience. 

.000 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group with “3 to 5 years” 
and “more than 10 years” working experience. 

.000 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group with “3 to 5 
years” and “more than 10 years” working experience. 

.000 
 

The perception on the organisation’s plan for adoption of 
predictive analytics is same between the group with “3 to 5 
years” and “more than 10 years” working experience. 

.011 
 

The perception on the organisation’s plan for adoption of AI 
developer kits is same between the group with “3 to 5 years” and 
“more than 10 years” working experience. 

.004 
 

Table 4.13 (Continued) 
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The perception on the organisation’s plan for adoption of AGV 
is same between the group with “6 to 10 years” and “more than 
10 years” working experience. 
 

.016 
 

The perception on the organisation’s plan for adoption of UAV 
and UGV is same between the group with “6 to 10 years” and 
“more than 10 years” working experience. 
 

.005 
 

The perception on the organisation’s plan for adoption of 
unmanned crane tower is same between the group with “6 to 10 
years” and “more than 10 years” working experience. 

.040 
 

The perception on the organisation’s plan for adoption of smart 
construction lift is same between the group with “6 to 10 years” 
and “more than 10 years” working experience. 

.075 
 

The perception on the organisation’s plan for adoption of AI-
powered jobsite cameras is same between the group with “6 to 
10 years” and “more than 10 years” working experience. 

.045 
 

 

From the above significant test by using Mann-Whitney Test, the following 

pairs of respondents which are statistically significant different in extent of 

perception organisation’s plan for AI adoption in different construction logistics 

activities. 

 

i) The group of contractor perceived  

a) higher adoption of autonomous vehicles (mean rank = 35.86) in their 

organisation’s plan than the group of subcontractor (mean rank = 

27.75). 

b) higher adoption of smart construction lift (mean rank = 37.03) in their 

organisation’s plan than the group of subcontractor (mean rank = 

26.47). 

c) higher adoption of autonomous vehicles (mean rank = 35.59) in their 

organisation’s plan than the group of supplier (mean rank = 28.05). 

d) higher adoption of unmanned tower crane (mean rank = 38.95) in their 

organisation’s plan than the group of supplier (mean rank = 24.35). 

e) higher adoption of smart construction lift (mean rank = 39.12) in their 

organisation’s plan than the group of supplier (mean rank = 24.17). 

f) higher adoption of AI-powered jobsite cameras (mean rank = 37.32) in 

their organisation’s plan than the group of supplier (mean rank = 26.15). 

Table 4.13 (Continued) 
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g) higher adoption of unmanned tower crane (mean rank = 37.09) in their 

organisation’s plan than the group of specialist (mean rank = 26.40). 

h) higher adoption of smart construction lift (mean rank = 36.88) in their 

organisation’s plan than the group of specialist (mean rank = 26.63). 

i) higher adoption of autonomous vehicles (mean rank = 36.74) in their 

organisation’s plan than the group of logistics (mean rank = 27.98). 

j) higher adoption of unmanned tower crane (mean rank = 40.32) in their 

organisation’s plan than the group of logistics (mean rank = 24.18). 

k) higher adoption of smart construction lift (mean rank = 41.26) in their 

organisation’s plan than the group of logistics (mean rank = 23.18). 

l) higher adoption of AI-powered jobsite cameras (mean rank = 39.33) in 

their organisation’s plan than the group of logistics (mean rank = 

25.23). 

 

ii) The group of subcontractor perceived  

a) higher adoption of AGV (mean rank = 37.73) in their organisation’s 

plan than the group of contractor (mean rank = 26.79). 

b) higher adoption of UAV and UGV (mean rank = 37.87) in their 

organisation’s plan than the group of contractor (mean rank = 26.67).  

c) higher adoption of predictive analytics (mean rank = 37.60) in their 

organisation’s plan than the group of contractor (mean rank = 26.91).  

d) higher adoption of smart construction lift (mean rank = 36.05) in their 

organisation’s plan than the group of logistics (mean rank = 26.11). 

e) higher adoption of AI-powered jobsite cameras (mean rank = 35.93) in 

their organisation’s plan than the group of logistics (mean rank = 

26.23). 

 

iii) The group of supplier perceived  

a) higher adoption of AGV (mean rank = 40.03) in their organisation’s 

plan than the group of contractor (mean rank = 24.70). 

b) higher adoption of UAV and UGV (mean rank = 40.35) in their 

organisation’s plan than the group of contractor (mean rank = 24.41).  

c) higher adoption of AI-back office (mean rank = 37.45) in their 

organisation’s plan than the group of contractor (mean rank = 27.05). 
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d) higher adoption of predictive analytics (mean rank = 41.02) in their 

organisation’s plan than the group of contractor (mean rank = 23.80).  

e) higher adoption of predictive analytics (mean rank = 34.23) in their 

organisation’s plan than the group of subcontractor (mean rank = 

26.77).  

 

iv) The group of specialist perceived  

a) higher adoption of AGV (mean rank = 37.73) in their organisation’s 

plan than the group of contractor (mean rank = 26.79). 

b) higher adoption of UAV and UGV (mean rank = 36.90) in their 

organisation’s plan than the group of contractor (mean rank = 27.55). 

c) higher adoption of AI back office (mean rank = 36.02) in their 

organisation’s plan than the group of contractor (mean rank = 28.35). 

d) higher adoption of predictive analytics (mean rank = 38.17) in their 

organisation’s plan than the group of contractor (mean rank = 26.39). 

e) higher adoption of smart construction lift (mean rank = 36.05) in their 

organisation’s plan than the group of logistics (mean rank = 26.11). 

f) higher adoption of AI-powered jobsite cameras (mean rank = 35.28) in 

their organisation’s plan than the group of logistics (mean rank = 

26.85). 

 

v) The group of logistics perceived  

a) higher adoption of AGV (mean rank = 40.69) in their organisation’s 

plan than the group of contractor (mean rank = 24.80). 

b) higher adoption of UAV and UGV (mean rank = 38.60) in their 

organisation’s plan than the group of contractor (mean rank = 26.77). 

c) higher adoption of predictive analytics (mean rank = 39.13) in their 

organisation’s plan than the group of contractor (mean rank = 26.27).  

 

vi) The group of assistant perceived  

a) higher adoption of unmanned tower crane (mean rank = 45.24) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 33.23). 
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b) higher adoption of smart construction lift (mean rank = 47.54) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 31.10). 

c) higher adoption of AI-powered jobsite cameras (mean rank = 46.34) in 

their organisation’s plan than the group of manager or project manager 

(mean rank = 32.21). 

d) higher adoption of AI-based drone (mean rank = 46.32) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 32.23). 

e) higher adoption of smart construction lift (mean rank = 39.97) in their 

organisation’s plan than the group of deputy director or director (mean 

rank = 27.97). 

 

vii) The group of executive perceived  

a) higher adoption of UAV and UGV (mean rank = 46.09) in their 

organisation’s plan than the group of assistant (mean rank = 36.92). 

b) higher adoption of unmanned tower crane (mean rank = 49.80) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 36.25). 

c) higher adoption of smart construction lift (mean rank = 51.20) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 34.65). 

d) higher adoption of AI-powered jobsite cameras (mean rank = 51.14) in 

their organisation’s plan than the group of manager or project manager 

(mean rank = 35.86). 

e) higher adoption of AI-based drone (mean rank = 50.00) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 36.03). 

f) higher adoption of smart construction lift (mean rank = 43.84) in their 

organisation’s plan than the group of deputy director or director (mean 

rank = 31.82). 
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viii) The group of manager or project manager perceived  

a) higher adoption of UAV and UGV (mean rank = 44.95) in their 

organisation’s plan than the group of assistant (mean rank = 32.57). 

 

ix) The group of deputy director or director perceived  

a) higher adoption of UAV and UGV (mean rank = 39.39) in their 

organisation’s plan than the group of assistant (mean rank = 30.41). 

b) higher adoption of predictive analytics (mean rank = 39.71) in their 

organisation’s plan than the group of assistant (mean rank = 30.14).  

c) higher adoption of AI-based drone (mean rank = 44.79) in their 

organisation’s plan than the group of executive (mean rank = 35.10). 

d) higher adoption of predictive analytics (mean rank = 47.60) in their 

organisation’s plan than the group of executive (mean rank = 33.21).  

e) higher adoption of AI-based drone (mean rank = 46.69) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 27.71). 

f) higher adoption of AI-based drone (mean rank = 41.15) in their 

organisation’s plan than the group of manager or project manager 

(mean rank = 32.01). 

 

x) The group with less than 2 years working experience perceived  

a) higher adoption of unmanned tower crane (mean rank = 49.25) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 31.43). 

b) higher adoption of smart construction lift (mean rank = 49.83) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 30.89). 

c) higher adoption of AI-powered jobsite cameras (mean rank = 48.55) in 

their organisation’s plan than the group with more than 10 years 

working experience (mean rank = 32.07). 

d) higher adoption of AI developer kits (mean rank = 46.58) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 33.90). 
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xi) The group with 3 to 5 years working experience perceived  

a) higher adoption of smart construction lift (mean rank = 42.27) in their 

organisation’s plan than the group with 6 to 10 years working 

experience (mean rank = 31.60). 

b) higher adoption of unmanned tower crane (mean rank = 53.01) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 33.06). 

c) higher adoption of smart construction lift (mean rank = 56.07) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 29.71). 

d) higher adoption of AI-powered jobsite cameras (mean rank = 52.79) in 

their organisation’s plan than the group with more than 10 years 

working experience (mean rank = 33.30). 

e) higher adoption of AI developer kits (mean rank = 50.51) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 35.80). 

 

xii) The group with 6 to 10 years working experience perceived  

a) higher adoption of unmanned tower crane (mean rank = 41.27) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 32.15). 

b) higher adoption of smart construction lift (mean rank = 40.47) in their 

organisation’s plan than the group with more than 10 years working 

experience (mean rank = 32.73). 

c) higher adoption of AI-powered jobsite cameras (mean rank = 41.40) in 

their organisation’s plan than the group with more than 10 years 

working experience (mean rank = 32.05). 

 

xiii) The group with more than 10 years working experience perceived  

a) higher adoption of AGV (mean rank = 44.63) in their organisation’s 

plan than the group with less than 2 years working experience (mean 

rank = 35.00). 
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b) higher adoption of UAG and UGV (mean rank = 47.80) in their 

organisation’s plan than the group with less than 2 years working 

experience (mean rank = 31.58). 

c) higher adoption of predictive analytics (mean rank = 43.90) in their 

organisation’s plan than the group with less than 2 years working 

experience (mean rank = 35.79). 

d) higher adoption of AGV (mean rank = 49.28) in their organisation’s 

plan than the group with 3 to 5 years working experience (mean rank 

= 38.23). 

e) higher adoption of UAV and UGV (mean rank = 49.65) in their 

organisation’s plan than the group with 3 to 5 years working experience 

(mean rank = 37.90). 

f) higher adoption of predictive analytics (mean rank = 50.04) in their 

organisation’s plan than the group with 3 to 5 years working experience 

(mean rank = 37.54). 

g) higher adoption of AGV (mean rank = 40.06) in their organisation’s 

plan than the group with 6 to 10 years working experience (mean rank 

= 30.45). 

h) higher adoption of UAV and UGV (mean rank = 41.06) in their 

organisation’s plan than the group with 6 to 10 years working 

experience (mean rank = 29.08). 

 

4.10 Agreement on Benefits of Logistics 4.0 in Construction Logistics  

The results of the agreement on benefits of Logistics 4.0 in construction logistics 

are shown in Table 4.14. The table also shows the median, the frequency of 

median and its ranking.  
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Table 4.14: Ranking on Agreement on Benefits of Logistics 4.0 in Construction 

Logistics 

Benefits of Logistics 4.0 in 

Construction Logistics 

Median Frequency of 

Median 

Rank 

Improve productivity 5.00 108 1 

Improve transparency and flexibility 5.00 88 2 

Ensure higher safety 4.00 85 3 

Improve efficiency and effectiveness 4.00 75 4 

Save cost  4.00 70 5 

Increase revenue 3.00 84 7 

Environmentally friendly  3.00 71 6 

Remark: 1 = Not at all, 2 = Slight, 3 = Moderately, 4 = Very, 5 = Extremely 

 

Based on Table 4.14, majority of the respondents extremely agree that 

Logistics 4.0 can improve the productivity as well as transparency and 

flexibility of construction logistics activities. There are 85, 75 and 70 

respondents very agree that Logistics 4.0 can ensure higher safety, improve 

efficiency and effectiveness as well as save cost respectively. There are 71 

respondents only moderately agree that Logistics 4.0 can increase revenue 

whereas 71 of the respondents moderately agree that Logistics 4.0 are 

environmentally friendly.  

 

4.11 Perception on Factor Undermining AI Adoption in Construction 

Logistics 

The results of the perception on factor undermining AI adoption in construction 

logistics are shown in Table 4.15. The table also shows the median, the 

frequency of median and its ranking.  
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Table 4.15: Ranking on Factor Undermining AI Adoption in Construction 

Logistics 

Factor Undermining AI Adoption 

in Construction Logistics 

Median Frequency of 

Median 

Rank 

Lack of leaders’ commitment  5.00 89 1 

Lack of employees’ commitment 5.00 85 2 

Change of working culture 4.00 100 3 

Privacy concerns 4.00 87 4 

Algorithm aversion 4.00 50 5 

Environmentally friendly  3.00 71 6 

Remark: 1 = Strongly disagree, 2 = Slightly disagree, 3 = Uncertain, 4 = Slightly 

agree, 5 = Strongly agree 

 
Based on Table 4.15, majority of the respondents strongly agree that 

Logistics 4.0 can improve the productivity as well as transparency and 

flexibility of construction logistics activities. There are 85, 75 and 70 

respondents slightly agree that Logistics 4.0 can ensure higher safety, improve 

efficiency and effectiveness as well as save cost respectively. There are 71 

respondents are uncertain about Logistics 4.0 can increase revenue whereas 71 

of the respondents are uncertain that Logistics 4.0 are environmentally friendly.  

 
4.12 Discussion 

The discussion is revealed based on the results reported in the previous sections. 

In the following section, the findings are compared with literature reviewed 

whenever relevant. 

 

4.12.1 Problems in Current Construction Logistics Practices  

The top problem always faced by respondents in current construction logistics 

practices is lack of collaboration (Table 4.4). This finding is concurrent with the 

finding of research by Tsaxiri (2018) where “poor collaborations and conflicts 

between the parties” always happen in the construction industry. 

The second problem always faced by respondents is cost overrun. Less 

than 50% construction logistics activities can be free from paying extra delivery 

fees for damages as well as issued in terms of amount, location and time plan. 
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According to Section 4.5 (ii) (a) to (c), the group of subcontractors experienced 

more frequent cost overrun if compared to the other group of contractor, supplier 

and logistics. This may because there are huge number of subcontractors 

involved in a project and about 75% of project final value is produced by them. 

It is aggravated with the improper management of construction logistics by the 

subcontractor (Segerstedt and Olofsson, 2010; Robbins, 2015; Tsaxiri, 2018). 

The health and safety problem of workers is the third ranked problem 

which frequently faced by respondents. The respondents who work as deputy 

director or director experienced frequent worker safety and health problems than 

the respondents who work as assistant and executive (Section 4.5 (viii) (c) & 

(d)). Furthermore, the respondents who have more than 10 years working 

experience faced more problems related to health and safety of workers in 

his/her current and previous project compared to the respondents who have only 

working experience of less than 2 years, 3 to 5 years and 6 to 10 years (Section 

4.5 (x) (a) to (d)). The result shows that the respondents who work as deputy or 

director or have more than 10 years working experience are more familiar with 

construction logistics activities as they have more experience and involve in 

various types of projects.   

 The group who always face problems with current construction logistics 

practices will realise the shortcomings and insufficiency of current practices. 

Consequently, by driven largely of widespread availability of trending digital 

technologies, they will tend to aware the revolution of Logistics 4.0 as well as 

adoption and development of AI.  

 

4.12.2 Organisation’s Awareness towards the Benefits of Logistics 4.0 

Local construction organisations most concern Logistics 4.0 improves 

productivity in construction logistics. AI adoption and automation ensure the 

overall connection among various project parties. Cooperation between 

different project team is more aligned within transportation and operations 

processes. AI adoptions ensure construction logistics activities are free from 

errors by responding precisely (Schmidtke, et al., 2018). Hence, reduction of 

lead time in logistics provides higher productivity is a major concern of the 

industry.  
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The respondents also perceived that transparency and flexibility in 

construction logistics are improved with aids of technology such as AI. The 

flexibility of transportation setup and intralogistics can be improved when AI 

applications able to make fast and precise decisions in solving problems. 

Furthermore, fraud among logistics service providers can be detected by using 

the combination of RPA and AI (Klumpp, 2018). Respondents who perceived 

Logistics 4.0 has “extremely” incurred benefits to construction logistics tend to 

more concern about the development and adoption of AI in construction 

logistics.  

 

4.12.3 Organisation’s Awareness towards AI Adoption in Construction 

Logistics  

a) Awareness on relevance of AI in construction logistics  

The top three construction logistics activities with highest perception on 

relevance of AI are “process of contracts and invoices”, “further planning after 

prediction of delay” and “planning and management of loading and unloading 

zones”. Local construction organisations perceived that AI is the most relevant 

in processing contracts and invoices when every project has its own unique need, 

and all contracts and payables have to be controlled all the time. Thus, 

automation of contract and invoice process is important to save time and 

increase accuracy (Gesing, et al, 2018; Stampli, 2021). Suppliers are more 

perceived the relevance of AI in the top two construction logistics activities if 

compare to contractors (Section 4.6 (i) (a) & (d)). This may imply that suppliers 

who contracted to provide materials or goods more aware the transformation of 

AI adoption in their supply logistics for manufacturing and supply management. 

Moreover, deputy directors and directors as well as the respondents who worked 

more than 10 years perceived the top three construction logistics activities’ 

higher relevance to AI if compared to assistant, executive and the respondents 

who worked less than 2 years and 3 years to 5 years (Section 4.6 (v)(a)(d)(f) & 

(viii)(a)(c)(e)(f)(g)). This implies that the superiors with more working 

experiences able to feel the AI disruptions and its competitive advantages to 

construction logistics. They have heightened awareness towards the 

development of AI in construction logistics when compare to subordinates who 

have fewer working experiences.  
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The third to last ranked construction logistics activities with only 66 

respondents perceived “very” relevant to AI adoption is delivery and traffic 

management. This is opposed with findings of the research by McKinsey, et al. 

(2017) which indicates transportation is one of the sector with highest potential 

for automation. This may because most of the respondents misunderstood the 

word ‘relevance’ and they tend to interpret its meaning as how possible the 

reality of “delivery automation and traffic management automation” will come 

true in this few years. As these technologies are still under testing and validation 

all around the world and have not been adopted widespread, the respondents 

give the relevance of AI in “delivery and traffic management” a low rating. 

In overall, the group perceived AI is “extremely” relevant to construction 

logistics activities in Table 4.6 have higher awareness towards AI adoption in 

construction logistics when compared with the group perceiving AI is “not at 

all”, “slight”, “moderately” and “very” relevant to construction logistics. This 

shows that this group which able to visualise relevance of AI is “extremely” 

relevant to construction logistics tends to perceive the potentials of AI 

development and more aggressive in exploring the uses of AI in construction 

logistics. 

 

b) Awareness on functions of AI in construction logistics 

The respondents most agreed on the “AGV is useful for repetitive transportation 

works in warehouse”. AGV can offer accurate navigation and safer 

transportation in warehouse by mapping their travel path without human 

intervention (Modern Material Handling, 2020). Respondents tend to have 

highest awareness towards usefulness of AGV if compared to other nine 

adoptions of AI in construction logistics. Respondents worked in logistics firm 

are more agreed the functions of AGV compared to other respondents who 

worked in contractor, sub-contractor, specialist and supplier firm (Section 4.7 

(ii to v) (a)). They tend to have higher awareness and more likely understand 

the value of AGV in warehousing. 

Next, the second ranked statements with 98 respondents strongly agreed 

the statements related the functions of AI-based drones. The traditional method 

in gathering information for site layout planning by walking around site can be 

replaced by AI-based drones. The innovation of AI-based drone eases this 
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drudge preparation works by producing different types of detailed construction 

site map and site progress report automatically (Dukowitz, 2019). 

The functions of AI-back offices ranked the third among other AI 

adoptions in construction logistics when 101 respondents slightly agreed on 

“AI-back office is useful for detecting fraud by logistics service providers, 

classifying contractual clauses, managing and keeping all delivery information 

precisely”. The combination of RPA and AI can well-cooperated in detecting 

fraud, automating processing of invoices as well as processing in classifying 

sections, clauses and signature portions in contracts. AI-back office ensures the 

correctness, completeness and consistency of billions of data (Gesing, et al., 

2018). 

These findings also reveal that the group with only 2 years or 3 to 5 years 

working experiences has the highest agreement on functions of AI adoption in 

construction logistics compared to those with 6 to 10 years or more than 10 

years working experiences. This may imply that those with less working 

experience has a higher exposure towards the knowledge of AI development. 

These younger groups are grown alongside with these new introduced 

technologies which gradually related to their academic lessons. This is 

concurrent with the research of Meyer (2008) which indicated younger workers 

who less than 30 years old has higher acceptance towards new technology.   

To conclude, the group who “strongly agree” the statements related to 

functions of AI adoptions in Table 4.7 has heightened awareness towards 

usefulness of AI adoptions in construction logistics compared to those who 

“slightly agree”, “moderately’, “slightly disagree” and “strongly agree”. 

Comparatively, the group who “strongly agree” the functions of AI adoptions 

tend to accept the applications and more likely to resort to the particular AI 

adoption in construction logistics. They tend to more concern and appreciate the 

chances in learning and adopting AI. Moreover, they tend to foresee the 

potential barriers and issues which undermining the adopting of AI. 
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4.12.4 Existing Practices of AI in Construction Logistics 

a) Organisations’ plan for construction logistics activities with AI adoption 

The construction logistics activity with highest level of organisations’ planning 

in adopting AI is processing contracts and invoices. There are 105 of the 

respondents perceived that their organisations will adopt AI in processing their 

contracts and invoices in the next 3 years (Table 4.12). This finding is 

concurrent with collection of 45 RPA case studies by AI Mutiple which reveal 

that the most common area of RPA automation is invoice automation and most 

of the companies make their first purchase of AI product related to invoice 

capture because it is an easy integration solution (AI Mutiple, 2020; AI Mutiple, 

2021a). 

The on-site and off-site warehousing is the second ranked activities with 

perception of 95 of the respondents that their organisations are planning to adopt 

AI in the future of 3 years. Moreover, there are more than 50% of the 

respondents (80) perceived that their organisation’s plan includes AI adoption 

in further planning after prediction of delay in 3 years. This implies that the 

overall adoption level of the existing AI adoptions in these top three 

construction logistics activities is higher than the other seven construction 

logistic activities in the near future. 

 These findings also reveal that the group with more than 10 years 

working experiences perceived their organisations have higher adoption of AI 

in “process of contracts and invoices” and “on-site and off-site warehousing” if 

compared to those with only 2 years, 3 to 5 years and 6 to 10 years working 

experiences (Section 4.8 (xii)(a)(c) & (xiii)(b)(d)). Respondents who have more 

working experience are more familiar with the operational plan in their 

organisations. However, respondents with less working experience have lower 

consensus towards organisations’ plan on integrating AI into their organisation 

practices. These respondents who are fresh graduate and just enter the industry 

are still exploring the current practices in construction industry.  

  

b) Organisations’ existing AI adoption  

The most planned AI to be adopted in construction logistics is UAV and UGV 

when 104 of the respondents perceived their organisations expect to use it in the 

next 3 years. The second ranked AI application is AGV when 103 respondents’ 
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organisation are expected to adopt it in 3 years. The findings reveal that the 

suppliers and logistics service providers more expect their organisations will 

adopt UAV and UGV, AGV and predictive analytics in the years ahead in their 

construction logistics if compared to contractor (Section 4.9 (iii) (a)(b)(d) & 

(v)(a to c)).  

These findings also discover that most of existing practices of AI are 

under low adoption level in local construction organisations especially the smart 

construction lift, autonomous truck, unmanned tower crane and AI-developer 

kits which are the least perceived AI adoption in respondents’ organisation plan 

in near future. For example, there are only 61 respondents perceived will adopt 

autonomous vehicles in their organisation in the future if able. This is concurrent 

to the findings of research by Kassim, et al. (2019) which indicated the 

autonomous vehicle (AV) readiness index in Malaysia and showed there was 

plenty of research work related AV technology was carried out. However, most 

of them were only in small scale of miniature robots and showed there was lack 

of efforts to adopt AV technology properly in Malaysia in the near future 

(Kassim, 2019). 

 

4.12.5 Challenges in AI Adoption 

The respondents most concern on the leadership commitment when adopting AI 

in construction activities. Innovation of AI in an organisation are comes along 

with high level of risk and uncertainty as well as enormous cost of 

implementation. Many companies are lack of capital in preparing resources and 

top management are reluctant to adopt AI to prevent cost overweight revenue 

(Omar, et al., 2017). There are tepid demands of AI innovation in construction 

industry when most of the construction organisations are refused to investment 

in AI adoption. Many of the leaders in an organisation are uncertain about what 

AI can done for them and what benefits will be bought along, where can get AI-

powered applications, how to integrate it into their existing company software 

and how to assess its return on the investment (ROI) (Bughin, et al., 2017).  

 

4.12.6 Readiness towards AI Adoption in Construction Logistics 

In overall, Section 4.10 revealed that Malaysian construction industry aware 

Logistics 4.0 with aids of technology such as AI create competitive advantages 
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to their organisations. Section 4.6 and 4.7 also shows that most of the 

respondents are aware of the AI disruption and usefulness to their organisations. 

However, Section 4.8 and 4.9 shows most of the organisations plan to have AI 

in the near future especially in 3 to 5 years instead of using now. This discovered 

that the overall adoption level of existing AI practices in local construction 

logistics activities is still low but expect increasing in 3 to 5 years.  

 These findings can be concluded that the Malaysian construction 

industry have stronger awareness towards adoption of AI in construction 

logistics if compared to actual existing adoption practices of AI. As a result, this 

implies that Malaysian construction industry is aware and acknowledge about 

innovation of AI and they are ready now for AI transformation and adoption in 

construction logistics. However, most organisations are not using AI adoptions 

now but expect having plan to adopt in the future, maybe in 3 to 5 years due to 

some challenges especially the first ranked challenges which is lack of leaders’ 

commitment that should not be overlooked in adopting AI. AI innovation is 

challenging to be achieved in an organisation when it involves enormous 

investment and comes along with significant risk as well as uncertainty (Omar, 

et al., 2017).  

 It is concurrent with MHI Annual Industry Report which shows that 

only 12% of respondents are currently adopting AI technology, but more than 

50% of respondents believe that AI is disrupting their industry and brings 

competitive advantages to their business. Thus, it is estimated the use of AI 

technology will keep increasing until 38% in 1 to 2 years and 60% in 3 to 5 

years. The S-curve of innovation also indicates that the evolution of AI 

technology is slow now, but this evolution is increasing significantly within the 

next few years (Sunol, 2020).  

In short, Malaysian construction organisation are aware and 

acknowledge AI trend in construction logistics. Local construction players are 

ready now for adopting AI in their logistics practices. Nevertheless, due to some 

barriers for AI adoptions in terms of technology, costs and commitments, most 

of the organisations are still at the beginning of planning for AI innovation in 

the near future and remain in its infancy of adopting AI now. AI adoption is not 

solely about technical adoption, it is about the acceptance of an organisation. 
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Momentum from executive leader is strongly needed to overwhelm 

organizational inertia in adopting AI.  

 

4.13 Summary 

This chapter introduces the background of targeted respondents and the results 

of data analysis for each section by using Shapiro-Wilk W test and Cronbach’s 

Alpha reliability test. Next, the analysis results pertaining to problems faced in 

current construction practices, perception towards the relevance of AI, 

agreements towards the functions of AI, perceptions towards the organisation’s 

plan for adoption of AI by using ranking by median and Mann-Witney test are 

shown in table respectively. Lastly, each of them and the readiness towards AI 

adoption in construction logistics are discussed and explained in detailed. 
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CHAPTER 5 

 

5 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Introduction 

This is the last chapter in this research. The background is discussed in Section 

5.2. The accomplishment of research objectives is presented in Section 5.3, 

follows by implications of this research in Section 5.4. The limitations and 

recommendations are reviewed in Section 5.5 and 5.6 respectively. 

 

5.2 Summary of Background Study 

In 21st century, it can be observed that the investments and demands related to 

artificial intelligence (AI) are accelerated at an unprecedented rate. The global 

AI market is booming during the outbreak of COVID-19 pandemic. This is 

because offices are forced to be closed and many companies have to use 

automation to continue their business for example payroll management (Koh, 

2021).  

In Malaysia, the productivity of employees is expected to be improved 

about 60% with AI applications. However, there are only 26% of the companies 

in Malaysia are currently adopting or planning now to integrate AI in their 

business (Paramasivam, 2019). It is a potential trend for AI. AI is expected to 

be adopted in construction industry in near future especially logistics sector by 

innovating applications unique to construction logistics or transferring existing 

applications from other industries. Nevertheless, construction industry is 

lagging behind from integration of AI in industry if compared to other industries. 

Based on study by McKinsey, it is approximately of 16% for AI adoption level 

in construction sector (Shackleton, 2019).  

In the past decades, despite the low current adoption level, AI 

technologies are gradually introduced to construction communities and its 

disruptions are getting accepted. It is synergy between AI technologies with 

traditional practices as human-AI collaborations will provide competitive 

advantages to construction industry sector (Construction Industry Development 

Board, 2018). 
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Construction logistics is one of the main factor in bringing a project 

successfully. The shortcomings or problems related to supply logistics or site 

logistics may create a serious stranglehold to a project and cause unnecessary 

construction costs and time waste. Thus, the shortcomings pertaining to the 

current construction logistics practices have heightened the importance of AI 

automation and robotics technologies for traditional construction logistics 

practices. AI is the coming revolution to the world; it is vital for construction 

industry to embrace the AI technologies and optimize its opportunity in 

adopting especially in logistics sector. 

 

5.3 Accomplishment of Research Objectives 

This research outlines a brief account of AI, its structure and types, the 

explanation of construction logistics, problems in current construction logistics 

practices, the benefits of Logistics 4.0, AI adoptions in construction logistics 

and its challenges in Chapter 2. A theoretical framework of readiness of AI 

adoptions is developed and presented in Figure 2.10. Based on this theoretical 

framework, the framework of the questionnaire design is presented in Figure 

3.4. There are 154 duly answered questionnaires were used in analysis and 

discussion. As reported in Chapter 4, the further findings were presented by 

descriptive statistics and some of them are tested by inferential statistics. 

 This research aims to examine the readiness of industrial players towards 

the adoption of AI in Malaysian construction logistics. There are three 

objectives which were outlined early in Chapter 1: (1) to uncover the problems 

faced in current construction logistics practices, (2) to identify the existing 

practices of AI in construction logistics and (3) to study the readiness of 

industrial players to adopt AI in the practices in construction logistics. In this 

research, the established objectives were fulfilled and summarized as followed: 

 

Objective 1: 

The respondents were asked to rate their frequency of facing problems happened 

to the construction logistics with their current and previous experiences. The top 

three most faced problems by construction players in Malaysia were revealed 

as:  (1) lack of collaborations among parties; (2) cost overrun; (3) construction 
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workers’ health and safety are endangered by plants and vehicles on site. Air 

pollution caused by heavy vehicles was perceived as the least frequent happened 

in Malaysian construction logistics. The deeper analysis of these findings 

revealed that subcontractor experienced more problems related to cost overrun 

and time overrun in construction logistics if compared to contractor, suppliers 

and logistics services providers. It also revealed that respondents with more than 

10 years working experience faced more problems related to health and safety 

of construction worker as well as lack of collaborations between parties if 

compared to those with less working experiences. 

 

Obejective 2:  

To accomplish the second objective, the respondents were requested to select 

whether their organizations are using the AI now in their construction logistics 

activities or are planning AI adoptions in 3 years, 5 years, in the future or not 

plan at all. The findings revealed that majority of the organizations are not using 

AI now in their practices but are planning to invest in AI applications in the 

years ahead. Most of the organization are planning to have AI applications in 

processing the contracts and invoices as well as further planning after prediction 

of delay in the next 3 years. The top listed AI applications with most potential 

of increasing adoption level in construction logistics in the next 3 years are (1) 

UAV and UGV, (2) AGV, (3) predictive analytics and (4) AI-based drones. The 

deeper analysis of these findings revealed that the superiors with more working 

experiences tend to more perceived their organization are planning for AI 

adoptions in near future if compared to subordinate with less working 

experiences. This shows superiors are more optimistic in expecting the adoption 

level of AI in construction logistics will increasing over the years ahead as a 

result of AI trends. In overall, the current adoption level for existing practices 

of AI in logistics of Malaysian construction industry is low when most of the 

organizations are expected to adopt AI in the near future, maybe 3 to 5 years. 

 

Objective 3: 

To accomplish the last objective, as illustrated in the theoretical framework, it 

is necessary to look into 3 elements: the organisations’ awareness to AI adoption 
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in construction logistics, the existing practices of AI in construction logistics 

and the challenges in adopting AI.   

Majority of the respondents are aware and acknowledge the benefits of 

Logistics 4.0 and AI adoptions in construction logistics. The findings discovered 

that the most concerned benefit of Logistics 4.0 by Malaysian construction 

organisations is improvement of productivity. There are total of seven activities 

related to construction logistics are discussed in this research. It reveals that the 

local construction organisations have higher awareness on the processing of 

contracts and invoices by AI applications. Furthermore, among the ten AI 

adoptions identified, the construction players most aware to the functions of 

UAV and UGV. 

The deeper analysis revealed that the superiors with more working 

experiences have relatively higher awareness towards the relevance of AI to 

construction logistics (Section 4.6) whereas the younger generation with less 

working experience are more aware to the functions of each listed AI 

applications (Section 4.7). This may because superiors tend to have better 

visualisation towards potential of AI applications in construction logistics but 

they aware each existing AI applications still have room of improvements for 

their functions listed in this research. In overall, no matter individuals’ working 

experiences or job position, the local organisations have relatively high 

awareness towards AI development in construction logistics. 

However, the actual adoption level for existing practices of AI in current 

construction logistics is low. Most of the organisations are planning to have AI 

in the years ahead instead of adopting now. This may be due to lack of 

commitment of leaders in investment which is the major barrier of undermining 

the AI adoption. Although it is expected AI adoption will be increased in the 

next few years, AI transformation of an organisation is still challenging for 

investing sufficient resources in terms of advanced technologies, skills and high 

implementation cost.  

In conclusion, Malaysian construction industry has stronger awareness 

and acknowledgement about AI trend in construction logistics if compared to 

actual adoption practices of AI. As a result, this implies that Malaysian 

construction industry is ready now for AI transformation and adoption in 
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construction logistics but due to some challenges which cause most of the 

organisations are not adopting AI now but planning to use in the years ahead. 

Figure 5.1 summarises the key findings in this research. 
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                                                                                                             Figure 5.1: Summary of Key Findings 

Awareness towards 

 

 

  

 

Problems in Current Practices 
1. Lack of Collaborations between Parties 
2. Cost Overruns 
3. Construction worker health and safety problems 

 

Benefits of Logistics 4.0  
1. Improve Productivity 
2. Improve Transparency and Flexibility 
3. Ensure Higher Safety 

 
AI Adoption in Construction Logistics 

a) Perception on relevance of construction logistics 
activities with AI adoptions 

1. Process of Contracts and Invoices 
2. Further Planning After Prediction of Delay 
3. Planning and Management of Loading and 

Unloading Zones  
 

b) Agreement on functions of AI adoptions in 
construction logistics  

1. AGV 
2. AI-based Drones  
3. AI-back Offices  

 

Challenges in AI Adoption 
1. Lack of leaders’ 

commitment  
2. Lack of employees’ 

commitment 
3. Change of working culture 

Readiness of AI Adoption 

in Construction Logistics 

Existing Practices of AI in 
Construction Logistics 

a) Construction Logistics Activities with 
AI adoptions 
1. Process of Contracts and Invoices 
2. On-site and off-site warehousing 
3. Further Planning After Prediction 

of Delay 
 
b) AI Applications 

1. UAV and UGV 
2. AGV 
3. Predictive Analytics 
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5.4 Research Implication 

This research provides the fundamental and core knowledge of AI to 

construction organisations. Through this research, their awareness on AI 

development in logistics industry is enhanced. It is expected the construction 

community can be benefit by the further findings of this research in gradually 

equipping themselves towards the revolution of new advanced technology such 

as AI.  

 In overall, the findings in this research shows Malaysian construction 

industry is ready now in transformation and adopting AI in their logistics 

practices. Most of them are aware of the disruption of AI and its competitive 

advantages. However, it is lack of investment in AI technology in construction 

logistics. The achievement of transformation for AI requires the concern and 

willing of all parties in construction industry. Hopefully, these findings can alert 

all of the construction practitioners in Malaysia to prepare themselves in coping 

with AI trend in their business. On the other hand, it is expected that the local 

government will make proactive action in enhancing the revolutions of new 

advanced technology in near future.   

 The overview of the current readiness status in Malaysian construction 

logistics sector acts as a threshold for the other researchers who conduct 

research on similar or narrower topic for example the uses of particular AI in 

construction industry. On the other hand, this research is also providing 

awareness to the university to update their syllabus and arrange new short 

courses related to advanced technology such as AI. This may ensure young 

generations are more acknowledge and more exposed to these new knowledges 

and skills in future. 

 

5.5 Research Limitations 

There are some limitations in this research. Firstly, the sample size is determined 

by using Central Limit Theorem (CLT). Data is obtained with number of 

samples equal or more than 30 which considered as reasonable accurate with 

sufficient size of samples as stated in Section 3.9.3. However, the actual profile 

of population in the construction industry may not reflected with the sample size 

of respondents in this research.  
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 Furthermore, the convenience sampling method used in this research 

may not be the best method in obtaining data. The selection of respondents is 

based on their convenience and availability. The structure of the population may 

not be reflected by the structure of respondents in this research. In addition, the 

innovation and development of artificial intelligence is too fast and hard to 

keeping up to date. Thus, the questionnaire designed in this research may not 

cover the latest AI development and approaches. 

 

5.6 Research Recommendations 

There are some recommendations for future similar research. The sample size 

can be determined and obtained based on Cochran’s formula as larger sample 

size will provide more accurate information. Furthermore, qualitative research 

such as interviews may be conducted in examining the readiness of AI adoption 

in Malaysian construction logistics in future to overcome the weakness of the 

quantitative research. Some factors regarding to AI trend in Malaysian 

construction logistics may be undetected and not included in the questionnaire. 

More professional and rich contents can be obtained by conducting interviews. 

In addition, it is recommended to adopt stratified random sampling in the future 

research to ensure accurate representative of sample which are more appropriate 

and meaningful to the research. A narrower and more precise scope of research 

may be defined to ensure researcher can more focusing on specific topic such 

as specific AI application in construction logistics. 

 

5.7 Summary 

This last chapter reveals that the summary of background in this study, the 

accomplishments of research objectives. This chapter also discusses about the 

implications, limitations and recommendations in this research. 
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APPENDICES 

 

APPENDIX A: Questionnaires Survey Sample 

 

THE READINESS OF ARTIFICIAL INTELLIGENCE (AI) FOR 
CONSTRUCTION LOGISTICS 

 
Dear Sir / Madam, 
 
I am Lau Sin Ying, a final year student who currently pursuing my degree in 
Quantity Surveying at University Tunku Abdul Rahman (UTAR). Currently, I 
am conducting a survey regarding to my Final Year Project entitled "TO 
EXAMINE THE READINESS OF ARTIFICIAL INTELLIGENCE (AI) IN 
CONSTRUCTION LOGISTICS". 
 
This research aims to examine the readiness of industrial players towards the 
adoption of Artificial Intelligence in construction logistics with the following 
objectives: 

i. To uncover the problems faced in current construction logistics practices. 
ii. To identify the existing practice of Artificial Intelligence in 

construction logistics. 
iii. To study the readiness of industrial players to adopt AI in the practices 

in construction logistics. 
 
This questionnaire consists of FOUR (4) sections which will take approximately 
5 to 10 minutes to complete. Your contribution and opinions will be greatly help 
to my research and all feedback provided will be kept private and confidential. 
It will only be used for academic purposes only for my research. 
 
Thank you for taking the time to complete this questionnaire. If you have any 
queries, please do not hesitate to contact Lau Sin Ying at 018-6659117 or email 
to sinying980301@1utar.my. 
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Section A: Demographic Information 
 
 
A1) Which of the following best describes your organization’s industry? 
 

o Contractor 
 

o Subcontractor 
 

o Supplier  
 

o Specialist 
 

o Logistics service providers 
 

A2) Which of the following best describes your role? 
 

o Assistant 
 

o Executive 
 

o Manager/Project Manager 
 

o Deputy Director/ Director 
 

A) How long is your working experience in the construction industry? 
 

o Less than 2 years 
 

o 3 – 5 years 
 

o 6-10 years 
 

o More than 10 years 
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Section B: Adoption of Artificial Intelligence in Construction Logistics 
 
B1) In your perception, how relevant are the AI adoptions to the listed 
construction logistics activities? 
 [1 = Not at all, 2 = Slight, 3 = Moderately, 4 = Very, 5 = Extremely] 
 

 1 2 3 4 5 

Process of contracts and invoices      

Further planning after prediction of delay      

Monitoring health and safety of site 

workers 

     

On-site and off-site warehousing      

Planning and management of unloading 

and loading zones 

     

Delivery and traffic management      

Unloading and loading of materials      

 
B2) In your perception, to what extent your organizations plan to adopt AI in 
the following construction logistics?  
 [1 = Not plan at all, 2 = Expect to use in future if able, 3 = Expect to use, 4 = 
Expect to use in 3 years, 5 = Using now] 
 
 
 1 2 3 4 5 

Process of contracts and invoices      

Further planning after prediction of delay      

Monitoring health and safety of site 

workers 

     

On-site and off-site warehousing      

Planning and management of unloading 

and loading zones 

     

Delivery and traffic management      

Unloading and loading of materials      
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B3) In your perception, to what extend do you agree with the following 
statements? 
[ 1 = Strongly disagree, 2 = Slightly disagree, 3 = Uncertain, 4 = Slightly 
agree, 5 = Strongly agree] 
 
 1 2 3 4 5 

AGV is useful for repetitive transportation works in 
warehouse. 

     

AI-based drone is useful for producing a detailed map of 
construction sites. 

     

Predictive analytics is useful for reducing the uncertainty 
in logistics activities. 

     

UAV and UGV are useful for tracking the inventories.      
AI-powered jobsite camera is useful for ensuring site 
security, workers' safety and analysing the flow of 
materials on site. 

     

AI-back office is useful for detecting fraud by logistics 
service providers, classifying contractual clauses, 
managing and keeping all delivery information precisely. 

     

Autonomous truck is useful for repetitive delivery in 
factories, logistics centre or ports with high preciseness. 

     

AI developer kits is useful for making AI robotics 
applications becomes more easier by making existing 
equipment autonomous. 

     

Unmanned tower crane is useful to lift materials by voice 
recognition. 

     

Smart construction lift is useful to lift materials by 
determining running zones themselves efficiently. 
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B4) In your perception, to what extent your organization plan to adopt these 
AI in construction logistics? 
[1 = Not plan at all, 2 = Expect to use in future if able, 3 = Expect to use, 4 = 
Expect to use in 3 years, 5 = Using now] 
 
 
 1 2 3 4 5 

Automated Guided Vehicles (AGV)      

Unmanned Aerial Vehicles (UAV) and 

Unmanned Ground Vehicles (UGV) 

     

Autonomous Truck      

Unmanned Tower Crane      

Smart Construction Lift      

AI-Based Drones      

AI-powered Jobsite Cameras      

AI-Back Office      

Predictive Analytics      

AI Developer Kits      
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Section C: Problems in Current Construction Logistics Practice 
 
C1）In your perception, how serious is the following problems in current 
construction logistics practices?  
[ 1 = Not at all, 2 = Slight, 3 = Moderately, 4 = Very, 5 = Extremely] 
 
 1 2 3 4 5 

Cost and time easily overrun due to poor logistics 
management, theft, misplacement of materials, materials 
damages and so on 

     

Heavy construction vehicles seriously affect people for 
example producing noise pollution, causing traffic jam, 
endangering road users and damage roads. 

     

Heavy construction vehicles which primarily powered by 
diesel fuels also cause air pollution in urban area 

     

Construction workers face health and safety problems 
which caused by the mobile plant and vehicles on site. 

     

Lack of collaborations among project members to manage 
each logistics activities. 

     

 
C2）To what extent these problems happened to the construction logistics in  
your current and previous project?  
[ 1 = Never, 2 = Seldom, 3 = Sometimes, 4 = Frequently, 5 = Always] 
 
 1 2 3 4 5 

Cost Overrun      
Time Overrun      
Air Pollution caused by heavy vehicles       
Noise Pollution caused by heavy vehicles      
Roads are damaged and road users are endangered by 
heavy vehicles 

     

Construction workers’ health and safety are endangered 
by plants and vehicles on site 

     

Lack off collaborations among project members       
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C3) In your perception, to what extent you agree the benefits incurred to 
construction logistics due to the Logistics 4.0 (with aids of technology, eg: AI, 
BIM, IOT and so on) in construction logistics?  
[ 1 = Strongly disagree, 2 = Slightly disagree, 3 = Uncertain, 4 = Slightly agree, 

5 = Strongly agree] 

 1 2 3 4 5 

Improve productivity      

Save cost      

Increase revenue      

Improve efficiency and effectiveness       

Improve transparency and flexibility      

Ensure higher safety      

Environmentally friendly      
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Section D: Challenges of Artificial Intelligence (AI) Adoptions 

D1) In your perceptions, to what extent you agree the followings undermine the 

adoption of AI?  

[ 1 = Strongly disagree, 2 = Slightly disagree, 3 = Uncertain, 4 = Slightly agree, 

5 = Strongly agree] 

 1 2 3 4 5 

Algorithms aversion (which means humans tend to averse 

to algorithmic forecasters even they outperform a human 

forecaster) 

     

Change of working culture (human labours will be 

reduced and replaced by a machine) 

     

Lack of leadership commitment (directors and top 

management might resistant to change to avoid the 

situation cost overweight revenue) 

     

Lack of employees commitment (troublesome for 

employees in learning and practicing new skills 

     

Privacy concerns (which involves data persistence, data 

repurposing and data spillovers) 

     

Environmental concerns (which involves vast energy 

consumption for big data centres and dataset) 
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